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The floral transition is a major developmental switch that is 
important to reproductive success in plants. Different genes belonging to 
various pathways such as vernalization, autonomous, photoperiod and 
gibberellin-dependent pathways mediate the control of flowering time in 
Arabidopsis thaliana. Studying on flowering time have found that genes 
which directly regulate floral transition are divided into two groups. The 
first group includes genes promoting flowering, such as FT, SOC1 and 
CO. They act to activate the expression of the floral transition genes. The 
second group contains those enabling flowering like FCA and FY.  They 
interfere with the expression of floral repressors.  
We previously found one homolog of the yeast SWD2 protein in 
Arabidopsis, named SDW2A. Initial experiments showed that SWD2A 
promotes flowering in both long and short day conditions. Hence, we 
continue studying on another SWD2 homolog in Arabidopsis – the 
SWD2B gene - to investigate functions of SWD2 genes in the floral 
transition. We have found that SWD2B represses the expression of the 
floral repressor FLC and its homologs to promote flowering in long day 
conditions. In addition, our further study on SWD2A revealed that 
SWD2A plays an additive role with FLD, FVE and FRI in floral 
transition. 
 
In conclusion, we described two SWD2 homologs regulating floral 
integrators in Arabidopsis. More importantly, we identified that FLC and 
its clade members are the targets of SWD2A and SWD2B. Thus, SWD2s 










Timing of the transition from the vegetative to the reproductive growth 
(flowering time) is one of the most important characteristics for both wild and 
cultivated plants, which requires to be controlled to avoid flowering under 
unfavorable conditions. Control of flowering time involves a complex 
interplay of environmental and developmental factors. The timing is crucial to 
the reproductive success of plant. If a plant flowers during a time that is 
unfavourable for seed setting or pollination, it will most likely become a 
genetic dead-end.  
The transition from vegetative to reproductive growth plays a crucial 
role in the developmental transition of the plant life cycle. Morphological 
changes of the shoot apex during the transition have been monitored in the 
model plant Arabidopsis thaliana. Before flowering, the vegetative shoot 
apical meristem produces leaf primordia in spiral phyllotaxy to form a basal 
rosette leaf. The transformation of shoot apical meristem into the inflorescence 
marks the beginning of flowering. Based on grafting experiments in both 
natural and mutants variants, it has been long proposed that the genetic control 
of the transition to flowering in Arabidopsis is complex. This change involves 
a formation of undifferentiated cells named floral meristems. Floral meristems 
are essential for a determinated fate to give rise to flower. Since floral 
meristem follows from floral switch in response to multiple flowering signals 
and eventually differentiate into diverse types of floral organs, its development 
is an important and dynamic transition requiring for reproductive success in 
the life cycle of flowering plants (Smyth, Bowman et al. 1990, Frier, Edwards 
et al. 1996).   
To achieve flowering at a proper time of the year, especially in 
Arabidopsis thaliana, flowering time is regulated by several different 
pathways including vernalization, autonomous, photoperiod and gibberellin-
dependent pathways. These pathways create a regulatory network that 
integrates the endogenous developmental state with environmental inputs (day 
length, light quality and temperature) to promote flowering (Amasino 1996, 





1.1 Flowering pathways 
Plant populations may have extensive ranges with highly variable 
environments with respect to temperature and the amount quality of light. 
Organisms living at high latitudes also experience seasons with highly 
contrasting environmental conditions. Synchronizing developmental 
transitions with the correct season is important for plant to reproduce 
successfully. As mentioned above, in Arabidopsis, many genetic pathways are 
known to mediate environmental signals and affect flowering: vernalization, 
autonomous, photoperiod and gibberellin-dependent pathways (Levy and 
Dean 1998, Rouse, Sheldon et al. 2002). The importance of a particular 
pathway may differ between different environments and this plasticity can 
confer an evolutionary advantage (Ratcliffe, Nadzan et al. 2001, Boss, Bastow 
et al. 2004).  
These four main pathways have been identified to be important for the 
regulation of key floral regulatory genes, two pathways respond to external 
stimuli and two to endogenous cues. The absorption of light by photoreceptors 
enables plants to detect seasonal changes by day length, while vernalization 
signals seasonal changes via cold, a requirement of some plants (i.e. winter 
annuals) to stimulate flowering. Without long-day promotion, gibberellin has 
been shown to promote flowering, as suggested by the delayed flowering 
phenotype of biosynthetic mutants when grown under short days. The outputs 
of these various pathways ultimately met on the control of a group of target 
genes, termed floral integrators. Moreover, genetic analysis indicates that 
flowering controlled epigenetically, through factors that act on chromatin of 
these integrator genes to promote their transcriptions (Simpson and Dean 
2002, Amasino 2010). 
Among the flowering pathways, the vernaliztion pathway plays an 
important role in many temperate species. In this pathway, the long periods of 
cold such as occur in winter trigger a stable epigenetic change that generates 
flowering (Lee and Amasino 1995, Amasino 2004) . The vernalization 
requirement ensures that plants do not flower in the fall when the 
environmental conditions are unfavorable for reproduction. Without 
vernalization, a group of epigenetic repressors called Polycomb-group (Pc-G) 
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gene mediate a role in repressing flowering (An, Xu et al. 2011, Jeong, Roh et 
al. 2011, Lopez-Vernaza, Yang et al. 2012). However, the Pc-G regulates 
genes with opposite effects on flowering, and the relation of this has not been 
clear. 
In Arabidopsis, a key component in the regulation of flowering is 
FLOWERING LOCUS C (FLC), a MADS box transcription factor that blocks 
the floral transition (Sheldon, Burn et al. 1999, Oh, Zhang et al. 2004, 
Mendez-Vigo, Pico et al. 2011). The repression of FLC expression will lead to 
the acceleration of flowering. Because the vernalization causes the repression 
of FLC in the presence of FRIGIDA (FRI), this process is able to suppress the 
expression of FRI to activate FLC (Choi, Kim et al. 2011). Studies have 
proved the function of FRI in activating or upregulating FLC expression to a 
higher level that inhibits flowering. In contrast, in the presence of 
vernalization, with the prolonged period of cold exposure (a typical winter), 
the function of FRI will be overlapped to silence FLC expression and do 
enable flowering. Therefore, in natural environment, the role of FRI/FLC 
system is to repress flowering in autumn (Caicedo, Stinchcombe et al. 2004). 
The interaction of FLC, FRI and vernalization prevents flowering prior 
to winter and promotes flowering in spring. Rapid-cycling accession, in 
contrast, in the absence of the non-functional fri allele or the weak flc allele 
leads to the early flowering (He 2012). The Columbia background (Col) have 
loss FRI function because of the rapid-cycling accession. This loss of function 
lead to the low level of FLC expression in Columbia and this plant does not 
need vernalization for early flowering (Korves, Schmid et al. 2007).   
Vernalization is the promotion of the competence for flowering by long 
periods of low temperatures such as those typically experienced during 
winters. In Arabidopsis, the vernalization response is, to a large extent, 
mediated by the repression of the floral repressor FLC, and the stable 
epigenetic silencing of FLC after cold treatments is essential for vernalization. 
In addition to FLC, other vernalization targets exist in Arabidopsis. 
Our understanding of the molecular basis of vernalization in Arabidopsis has 
improved over recent years. Prolonged cold reduces FLC expression, and this 
repression is maintained by an epigenetic mechanism as plants continue to 
grow in spring and summer. Studies have identified proteins that mediate 
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vernalization: VERNALIZATION 2 (VRN2), a homolog of the Drossophila 
Polycomb group gene (PcG), Suppressor of zeste 12 (Su(Z)12), 
VERNALIZATION 1 (VRN1), a plant-specific protein with DNA-binding 
(B3) domains and VERNALIZATION INSENSITIVE 3 (VIN3), a PLANT 
HOMEODOMAIN (PHD)-finger-containing protein (An, Xu et al. 2011). 
Prolonged cold induces expression of VIN3 but other factors must also be 
cold-induced, as constitutive expression in VIN3 does not result in cold-
independent early flowering. The activities of VIN3, VRN2, and VRN1 result in 
histone modifications characteristic of PcG-induce chromatin silencing-
namely, reduces histone acetylation and increase histone K27 and K9 
methylation. These modifications probably recruit LIKE 
HETEROCHROMATIN PROTEIN (LHP1), the Arabidopsis 
HETEROCHROMATIN PROTEIN (HP1) homolog that is also involved in 
the stabilization of FLC repression (Amasino 2005, Alexandre and Hennig 
2008, Allard, Veisz et al. 2012).
The autonomous pathway includes a group of genes- FLOWERING 
LOCUS D (FLD), LUMINIDEPENDENS (LD), FCA, FPA, FLOWERING 
LOCUS K (FLK), FY and FVE- that constitutively repress FLC whereas the 
vernalization pathway repress FLC in response to a prolonged cold exposure 
(He and Amasino 2005, Veley and Michaels 2008).  
FCA plays an important role in RNA-mediated gene silencing (Page, 
Macknight et al. 1999, Baurle, Smith et al. 2007, Hornyik, Duc et al. 2010) 
while FLD and FVE act in complexes that modify chromatin (Yang and Chou 
1999, He, Michaels et al. 2003, Jeon and Kim 2011). Both FVE and FLD 
contain human homologs that coimmunoprecipitate with the histone 
deacetylase complex. FVE contains WD repeats and this gene is similar to 
mammalian retinoblastoma-associated proteins that are present in complexes 
involving in chromatin assembly and modification (Ausin, Alonso-Blanco et 
al. 2004, Kim, Hyun et al. 2004).  
FLD encodes a protein that is homologs with the human protein 
LYSINE-SPECIFIC DEMETHYLASE 1 (LSD1) that has been shown to act 
as a histone demethylase (Shi, Lan et al. 2004, Jiang, Yang et al. 2007). LD 
encodes a homeodomain-containing protein (Aukerman, Lee et al. 1999). FY 
is related to a group of eukaryotic proteins that play a role in 3' end processing 
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of RNA transcripts (Adams, Allen et al. 2009, Feng and Michaels 2011). FCA 
and FY protein have been shown to physically interact and together regulate 3' 
and selection of FCA transcript (Hornyik, Duc et al. 2010). Studies have 
indicated that FPA protein is localized to FLC chromatin and both FCA and 
FPA are required for RNA-mediated chromatin silencing of other loci 
(Schomburg, Patton et al. 2001, Baurle, Smith et al. 2007, Hornyik, Duc et al. 
2010). These results may explain the capacibility of FCA, FLK, FPA and FY 
in repressing FLC transcription through modulations in chromatin structure 
(Sanda and Amasino 1996, Rouse, Sheldon et al. 2002).  
Mutations in any genes of autonomous pathway lead to the increase of 
FLC expression and then delayed flowering. Like the FRI-containing 
backgrounds, the increasing in the levels of FLC in autonomous pathway 
mutants can be epigenetically silenced by vernalization (Caicedo, 
Stinchcombe et al. 2004, Alexandre and Hennig 2008, Choi, Kim et al. 2011). 
Therefore, plants comprise either dominant alleles of FRI or regressive of 
autonomous pathway mutations act as winter annuals. 
The third pathway mediates flowering in Arabidopsis is the photoperiod 
pathway. The photoperiod was first discovered by Garner and Allard in the 
1920s (Lin 2000). Arabidopsis is facultative long-day plants as its flowering is 
promoted by long-days and delayed in short-days. In the photoperiod pathway, 
plants sense both light periodicity and quality (Martinez-Garcia, Virgos-Soler 
et al. 2002). In long-day conditions, the circadian-regulated genes FLAVIN-
BINDING, KELCH REPEAT, F BOX1 (FKF1) and GIGANTEA (GI) reach 
their peaks with the same pace, which enables them to form protein complex 
to activate CONSTANS (CO). Light wavelengths also affect to the balance of 
of this protein complex, therefore, both information of light periodicity and 
quality are converged on CO. Because CO is the final stage of the photoperiod 
pathway, it influences all the output of the pathway (Samach and Coupland 
2000, Martin-Tryon, Kreps et al. 2007) . The co mutants cause late flowering 
in long-days whereas the overexpression of CO promotes early flowering in 
both long- and short-days. CO encodes a transcription regulator that controls 
two floral pathway integrators, FLOWERING LOCUS T (FT) and 
SUPPRESSOR OF CO OVEREXPRESSION (SOC1) (Samach and Coupland 
2000, Hepworth, Valverde et al. 2002, Helliwell, Wood et al. 2006). The CO 
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expression is controlled by the circadian clock, to activate FT expression in 
leaf veins specifically at the end of inductive long days. The FT protein then 
will be transported from leaf to the shoot apical meristem to induce flowering 
(Hepworth, Valverde et al. 2002, Ballerini and Kramer 2011, Yamashino, 
Yamawaki et al. 2013) 
Another flowering pathway involves the promotion of flowering by 
plant hormone GA (Andersen, Schrag et al. 2005). In Arabidopsis, GA4 is the 
most active form in regulation of flowering time under short-day conditions 
(Eriksson, Bohlenius et al. 2006). In long- day conditions, the effect of this 
pathway is masked by photoperiod pathway, while in short- day conditions, 
GA pathway becomes the major one which determines flowering time. 
Mutants that are defective in the biosynthesis of GA never flower in short- 
days, unless exogenous GA is applied (Blazquez, Trenor et al. 2002, 
Domagalska, Sarnowska et al. 2010, Zhao, Hanada et al. 2011). 
In addition to those above-mentioned pathways, various studies 
illustrated a thermosensory pathway controlling flowering time (Blazquez, 
Ahn et al. 2003, Nakamura and Morrison 2010).  FCA, FVE, and 
FLOWERING LOCUS M (FLM) are involved in this pathway, and event the 
expression level FLOWERING LOCUS T (FT) - the flowering integrator is 

















Figure 1 - Flowering-time regulation in Arabidopsis 
FLOERING LOCUS C (FLC) and SHORT VEGATATIVE PHASE (SVP) regulate 
the flowering transition in Arabidopsis. Both FLC and SVP are repressed by 
autonomous pathway regulators. In addition, the vernalization also represses FLC 
expression. FLC represses expression of the flowering time integrators SOC1 and FT 
whereas the photoperiod pathway promotes these integrators. SOC1 and FT express 
and lead to the induction of LEAFY and APETALA1 (AP1), hence flowering. Lines 
with arrows indicate upregulation or activation of gene expression, lines with bars 




1.2 Flowering integrators 
The floral transition in Arabidopsis is involved in the activity of a group 
of genes. During the plant development, the floral signals lead to the induction 
of a group of genes called floral meristem identity (FMI) the activity of FLC 
and CO. FMI contains LEAFY (LFY), APETALA1 (AP1) and CAULIFLOWER 
(CAL), expresses in early floral stages and responsible for their floral fate 
(Nilsson, Lee et al. 1998, Reeves, Murtas et al. 2002, Gregis, Sessa et al. 2006, 
Raman, Raman et al. 2013). There is a connection between these three genes 
and different floral pathways (Figure 1). These genes were called Floral 
integrators because their abilities to integrate a balance of stimulations 
originating from the varous floral pathways and their abilities to transform 
these diverse inputs into an induction of FMI genes, hence, promote flowering. 
In Arabidopsis, there are three main floral integrators influencing different 
floral pathways: FLOWERING LOCUS T (FT ), LEAFY(LFY), and 
SUPPRESSOR OF CO OVEREXPRESSION (SOC1) /AGAMOUS- like 20 
(AGL20) (thereafter named SOC1). 
FLC delays flowering partly by decreasing the expression of a key 
flowering-time integrator, FT (FLOWERING LOCUS T). FT is a component of 
photoperiod pathway and integrates flowering in response to raised day length. 
It plays a central role in flowering promotion and acts as a floral pathway 
integrator. Multiple pathways converge at FT to regulate flowering time (Xi 
and Yu 2009, He 2012).   
In Arabidopsis, the florigen is begun by the production of messenger 
RNA (mRNA) coding a transcription factor called CONSTANTS (CO) - 
another component of the photoperiod pathway. This mRNA then transformed 
into CO protein. This protein promotes FT in the presence of light. FT is 
transported via the phloem to the shoot apical meristem to promote flowering 
after being activated by the short period of CO transcription factor activity. 
(Martinez-Zapater and Somerville 1990, Helliwell, Wood et al. 2006).  
When a plant senses a flowering-favoured photoperiod condition, FT is 
up-regulated in leaves and its protein moves from leaves to shoot apical 
meristems to promote flowering, that is why FT protein is called florigen 
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which is defined as a long-distance mobile signal. At the shoot apical 
meristem, FT interacts with another floral integrator- FD protein, to activate 
floral identity genes LEAFY and APETALA1 (AP1), then initiates flowering. 
FLC represses the expression of FT when binding to FT, and thus antagonizes 
the activation by CO (Searle, He et al. 2006). FT expression in leaves is 
repressed by FLC, hence the transformation of the systemic flowering signals 
including FT protein to shoot apical meristem- the requirement process to 
activate the expression of SOC1 and AP1 is blocked (Hepworth, Valverde et 
al. 2002, Sheldon, Finnegan et al. 2006). FT expression is regulated by 
ambient temperature as well, and the thermosensory pathway acts to mainly 
through FT, independently of the photoperiod pathway, to regulate flowering 
time. FT constituently expression is very potent at accelerating flowering in 
both short and long day conditions  (Parcy 2005, Farrona, Thorpe et al. 2011).  
SOC1 encodes a MADS box transcription factor. soc1 mutants inhibit 
flowering in both short and long day conditions (Moon, Suh et al. 2003). 
SOC1 is mainly expressed in leaves and in shoot apex, and its expression level 
increases during vernalization and dramatically decreases during the floral 
transition (Samach and Coupland 2000, Sheldon, Finnegan et al. 2006). SOC1 
may be related to a larger range of flowering responses that FT does. In the 
vernalization pathway and GA pathway, its expression is increased and also 
raised in the activation of photoperiod pathway (because FT upregulates SOC1 
in this pathway) (Helliwell, Wood et al. 2006, Chiang, Barua et al. 2009) 
The third integrator is LEAFY (LFY). During plant reproductive growth, 
LFY contributes an important roles in establishing floral meristem identity and 
floral patterning. This integrator is expressed in leaf primordia during floral 
transition, but its protein is able to diffuse into surrounding tissues, suggesting 
that cells in the shoot apical meristem are also under direct regulation of LFY. 
LFY expression is affected by signals from photoperiod, GA, autonomous, and 
vernalization pathways (Kim, Latrasse et al. 2013). LFY causes later flowering 
in short days than in long days, but how the photoperiod influences LFY is sill 




1.3 Regulation of flowering time by central repressors 
The flowering transition is controlled by a repressor complex containing 
two MADS-box transcription factors, FLC and SHORT VEGETATIVE PHASE 
(SVP) (Gregis, Sessa et al. 2006, Lee, Yoo et al. 2007, Liu, Xi et al. 2009). 
Through the modulation its chromatin structure, the vernalization and 
autonomous pathway mediate FLC expression, and hence promote floral 
transition by repressing the effect of FLC on FT  and SOC1 (Helliwell, Wood 
et al. 2006, Searle, He et al. 2006). FLC represses FT expression in leaves, 
thus blocks the translocation of the systemic flowering signals including FT 
protein to shoot apical meristem, which is required for activating the 
expression of SOC1 and AP1. FLC also directly represses the expression of 
SOC1 and the FT cofactor FD in shoot apical meristem, and thereby further 
impairs the meristems responsing to flowering signals (Michaels, Himelblau et 
al. 2005, Sheldon, Finnegan et al. 2006, Chiang, Barua et al. 2009). 
In addition to FLC, Arabidopsis also has five FLC homologs including 
FLOWERING LOCUS M (FLM)/ MADS AFFECTING FLOWERING 1 
(MAF1), MADS AFFECTING FLOWERING 2 (MAF2), MADS AFFECTING 
FLOWERING 3 (MAF3), MADS AFFECTING FLOWERING 4 (MAF4) and 
MADS AFFECTING FLOWERING 5 (MAF5) that are arranged in tandem as a 
22-kb cluster (Ratcliffe, Nadzan et al. 2001). FLM has the same function to 
FLC, it also represses the floral transition and is involved in the photoperiod 
pathway and thermosensory pathway to mediate flowering time (Ratcliffe, 
Nadzan et al. 2001). In addition, a study on MAF2 had shown that MAF2 also 
acts as a floral repressor and that maf2 mutant causes early flowering upon 
vernalization (Ratcliffe, Kumimoto et al. 2003, Oh, Zhang et al. 2004). MAF4 
also prohibits floral transition (Gu, Jiang et al. 2009). Similarity to other FLC 
clade members, MAF5 represses flowering. In long day condition, CO is 
activated, then it overcomes the effect of MAF5 and inhibits flowering. 
However, in short day conditions, CO is inactivated and MAF5 is repressed 
(Kim and Sung 2010). Recent studies had revealed that MAF3 is a floral 
repressor since FLM overlaps with MAF3 and FLC to repress FT and SOC1 
expression, and these three genes have a great role in FT repression, leading to 
floral repression (Yoo, Wu et al. 2011, Gu, Le et al. 2013). MAF3 protein 
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directly interacts with the FT and SOC1 loci, hence represses the expression of 
FT and SOC1, and prohibits flowering (Gu, Le et al. 2013). Similarity to 
MAF3, MAF2 and MAF4 are closer to FLM than to FLC and these genes also 
overlap FLM to repress FT expression. However, MAF5 has a limited role in 
flowering time regulation, loss of MAF5 function did not affect flowering in 
flm flc background. Moreover, based on the interaction of different FLC clade 
members, experiments introduced flm maf2 into FRI-Col had indicated that 
FLC-dependent floral repression requires other FLC clade members; the 
partial functional overlapping among the FLC clade members may also 
contribute partly to the partial suppression. Moreover, a study had shown that 
FLM binding to FT and SOC1 chromatin requires other FLC clade members, 
consistent with that these proteins form MADS-domain complexes to regulate 
flowering (Oh, Zhang et al. 2004, Gu, Le et al. 2013). 
In vegetative seedlings, FLC acts in close relation with another 
flowering repressor SVP, which mainly integrates to the flowering signals 
perceived by the autonomous, thermosensory, and GA pathway (Gregis, Sessa 
et al. 2006, Liu, Zhou et al. 2007, Liu, Xi et al. 2009). Only the photoperiod 
pathway activates FT and SOC1, the other flowering pathways mainly 
promote the expression of these two genes through a depression mechanism 
(Ballerini and Kramer 2011). 
Different from FT, SOC1 is highly expressed in inflorescence meristem, 
therefore, SOC1 is a good candidate that is involved in the spatial specificity 
for the initiation of floral meristems (Samach and Coupland 2000, Lee, Yoo et 
al. 2007). The study on SVP expression pattern had shown that SVP is 
expressed in leaves and shoot apical meristems at the vegetative phrase and 
does not express in inflorescence meristems at the reproductive phrase 
(Hartmann, Hohmann et al. 2000). In comparison to the repressive effect of FT 
and AGL24 on SOC1, SVP has a stronger effect, therefore, the regulation of its 
activity is an important stage in the plant development, especially in the 
transition from vegetative shoot apical meristems to inflorescence meristems 
(Lee, Yoo et al. 2007). However, the mechanism of the gradual down-
regulation of SVP in shoot apical meristems during the floral transition is still 
not clear.  
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1.4 Chromatin regulation of flowering 
Chromatin is an instructive DNA scaffold that relates to the regulation of 
the many uses of DNA. A main component of chromatin that is critical in this 
regulation is histone modification. Chromatin remodeling and histone 
modifications play an important role in the dynamics and regulation of RNA 
polymerase II- dependent transcription (Kamakaka and Kadonaga 1993, 
Grigoryev, Nikitina et al. 2004). There is an ever-growing list of these 
modifications and the complexity of their actions is only just beginning to be 
understood. There are many types of histone modification, such as acetylation, 
phosphorylation, ubiquitination and methylation.  
Histone acetylation is linked to transcriptional activation and is 
associated with chromatin whereas histone deacetylation is a symbol of gene 
silencing (Bannister and Kouzarides 2011). Similar the various types of 
modifications, the different levels of histone acetylation allow the cell to have 
control over the level of chromatin packing during different cellular events 
like replication, transcription, recombination and repair (Bannister and 
Kouzarides 2011).  
Like histone acetylation, the phosphorylation of histone is also highly 
dynamic. Kinases and phosphatases can add or remove the modification 
respectively and hence control the levels of the modification (Oki, Aihara et 
al. 2007). All types of histone phosphorylation can transfer a phosphate group 
from ATP to the hydroxyl group of the target amino acid side chain. The 
modification adds significant negative charge to histone that undoubtedly 
influences the chromatin structure. The phosphorylation revolves many 
proteins activation or inactivation, thereby altering their function and activity. 
Protein phosphorylation is one type of post-translational modification and 
plays a critical role in a wide range of cellular processes (Beltman, 
Sonnenburg et al. 1993, Abramova, Kukushkin et al. 2002, Oki, Aihara et al. 
2007)  
The acetylation, methylation and phosphorylation on histones result in 
relatively small molecular changes to amino-acid side chain, but the 
ubiquitilation is the result from a much larger covalent modification (Bannister 
and Kouzarides 2011). Ubiquitin is a 76-amino acid peptide that is joined to 
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histone lysines. Ubiquitination is a large modification and plays an essential 
role in transcriptional initiation and elongation. Through the activity of 
isopeptidase named de-ubiquitin enzyme, the modification is eliminated, this 
process is critical for both gene silencing and gene activity it (Cao, Dai et al. 
2008, Bannister and Kouzarides 2011, Racine, Page et al. 2012).  
Histone methylation mainly occurs in the side chains of lysines and 
arginines. Different from acetylation and phosphorylation, histone methylation 
does not change the responsibility of histone protein. This modification can 
cause both gene activation and gene depression based on their methylation 
sites (Dambacher, Hahn et al. 2010, Bannister and Kouzarides 2011).  
Methylation on histone can transfer the methyl group to amino acids of 
histone proteins of chromosomes. Based on the target site, this process can 
lead to the activation or de-activation of various proportions of chromatin. 
Furthermore, there is an added level of complexity when considering this 
modification; lysines may be mono-, di- or tri-methylated, whereas arginines 
may be mono-, symmetrically or asymmetrically di-methylated. The 
methylation on H3K4, H3K36 and H3K79 is usually related to histone 
hyperacetylation and gene activation whereas the methylation at H3K9, 
H3K27 and H4K30 is associated with heterochromation and gene silencing 
(Namihira, Nakashima et al. 2004, Bui, Van Thuan et al. 2007, Bannister and 
Kouzarides 2011). 
In general, methylation and demethylation of histone cause the genes 
“off” or “on”, either by loosening or encompassing their tails, then activating 
or blocking transcriptional factors and other proteins to access the DNA. This 
modification is important for gene expression regulation that promotes 
different cells to express various portions of the genome (Bannister and 
Kouzarides 2011). 
 
1.5 FLC expression and histone modifications 
Histone lysine (H3K4) methylation plays an essential role in regulating 
the chromatin structure and gene transcription in eukaryote. Various histone 
lysine methylation are conserved from yeast to human, construct in multi-
subunit complexes and are key regulators in cell growth and gene expression 
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(Shilatifard 2008, Zhou and Zhou 2011, Mersman, Du et al. 2012). 
Many studies have shown that different histone lysine methylation states 
are involved with distinct transcription states in a gene. In Saccharomyces 
cerevisiae, H3K4 mono or dimethylation is not associated with active gene 
expression while H3K4 trimethylation is a target for actively transcribed genes 
(Dehe, Dichtl et al. 2006, Acquaviva, Szekvolgyi et al. 2013, Xiang-Jun Cui 
2011).  
In Drosophila and mammals, both di and trimethylation of H3K4 are 
associated with active gene expression (Akbarian and Huang 2009, Araki, 
Wang et al. 2009, Mohan, Herz et al. 2011, Dubuc, Remke et al. 2013).  
In plants, chromatin modifications are involved in the regulation of 
developmental genes. These modifications are various, including nucleosome 
remodelling, DNA methylation, and various histone modifications, regulate 
chromatin structure and gene expression. Histone acetylation, histone H3 
lysine-4 trimethylation (H3K4me3), H2B monoubiquitination (H2Bub1), and 
H3 lysine-36 di- and trimethylation (H3K36me2/me3) are associated with 
active gene expression, whereas histone deacetylation, H3 lysine-9 
methylation (H3K9), H3 lysine-27 trimethylation (H3K27me3), and H2A 
monoubiquitination (H2Aub1) are linked with gene repression (Cao, Dai et al. 
2008, He 2012, Nic-Can and De la Pena 2012).  
The actively transcribed genes are associated with the level of H3K4me3 
in Arabidopsis. Study on the chromatin-mediated FLC regulation has found 
various modifiers mediating FLC regulation and so flowering. H3K4 and 
H3K36 methylation on FLC chromatin are mediated by ATX1 H3K4 
methyltransferase and the EFS H3K36 methyltransferase mediate, 
respectively.  H3K4 and H3K36 methylation are also necessary for FLC 
expression and so inhibit Arabidopsis flowering (Ko, Mitina et al. 2010). In 
contrast, the deposition of H3K27me3 at FLC by the Polycomb repressive 
complex 2 (PRC2)-like complexes acts to silence the repression of FLC (Sung 
and Amasino 2004, Wood, Robertson et al. 2006). This discovery reveals that 
H3K4 play a critical role in the regulation of flowering time, especially in 
controlling the floral transition. FLC regulation is a model for understanding 
the expression control of other developmental genes in plants (He 2012). 
FRI is a main factor of natural variation in Arabidopsis flowering time 
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and studies have shown that in the presence of FRI or others autonomous 
pathway mutants like fld and fca, the H3K4 methylation in the promoter and 5’ 
transcribed region of FLC will be increased (He and Amasino 2005, 
Domagalska, Schomburg et al. 2007, Yun, Tamada et al. 2012). In addition, 
many components related to FRI-dependent FLC activation have been 
identified in genetic screens for mutants that suppress FLC activation in an 
FRI-containing line.  
These players contain both conserved chromatin modifiers and plant-
specific components (Shindo, Aranzana et al. 2005, Wang, Tian et al. 2006, 
Amasino 2010). The FLC expression is suppressed in loss-of-function 
mutations in these players and so promote flowering. Moreover, some of these 
components, such as chromatin modifiers, also have the capacity in controlling 
multiple gene expression in the Arabidopsis genome.  
FRI mediates chromatin modifications at the FLC locus to establish the 
winter-annual growth habit. These modifications involved in the H3K4me3, 
H3K36me3 at FLC to activate its expression in the FRI background and 
related to H2A.Z deposition, histone acetylation, H3K4me3, H2Bub1, and 
H3K36me2, H3K36me3 in FRI-dependent FLC activation. Previous 
researches have proved that FRI-dependent FLC components can form a  
putative transcription activator complex (FRIc) with FRI and others factors. 
This FRIc mediates chromatin modifications at the FLC locus through the 
enrichment of active chromatin-modification, and hence establishes the 
winter-annual growth habit.  








Figure 2 - Model for regulation of FLC expression by FLD and FRI 
In rapid-cycling accessions, FLD mediates repressive H3K4 demethylation to inhibit 
FLC expression and thus promote flowering. FLD is recruited to the FLC locus and 
mediates demethylation of mono- and dimethyl H3K4 and deacetylation of core 
histone tails to form a repressive chromatin environment. In winter annuals, 
the FLC promoter was bound to SUF4 and thus SUF4 subsequently recruits FRI to 
the FLC locus. FRI may promote the recruitment of a WDR5a-containing 
COMPASS-like H3K4 methyltransferase complex to FLC chromatin to catalyze 
H3K4 methylation and may also cause a partial disruption of the function of FLD or 
an FLD complex, resulting in FLC upregulation. This upregulation of FLC causes 




Autonomous-pathway genes such as FLD, FVE, FCA and FPA are a 
group of genes that act to repress the expression of FLC and other genes (Lee, 
Aukerman et al. 1994, He, Michaels et al. 2003, Simpson 2004, Zeng, Zhao et 
al. 2006, Veley and Michaels 2008, Zacharaki, Benhamed et al. 2012). Several 
autonomous-pathway genes also involved in repressive histone modification in 
FLC chromatin. FVE is a homolog of the human RbAp46/48, FVE has been 
found in several chromatin modification repressor complexes and has proved 
that FVE is involved in histone deacetylation in FLC chromatin. Acetylation of 
core histone tails of H3 and H4 is generally associated with active gene 
expression. Loss of FVE function drives to hyperacetylation of FLC chromatin 
and de-repression of FLC expression. Therefore, FVE partly mediates histone 
deacetylation in FLC to repress its expression and thus promote flowering. 
FLD is a plant homolog of the human lysine-specific demethylase 
(LSD1), a histone H3K4 demethylase that has been found in several 
mammalian histone deacetylase co-repressor complexes. Loss of FLD 
function causes the increase in the levels of core histone-tail acetylation and 
H3K4 di and trimethylation in FLC chromatin (He, Michaels et al. 2003). 
Both FCA and FPA can repress FLC expression to promote flowering 
(Schomburg, Patton et al. 2001, Quesada, Macknight et al. 2003, Veley and 
Michaels 2008). These genes are involved in the  silencing of endogenous 
transposons and other repeated sequences via a RNA-mediated chromatin-
silencing mechanism. FCA and FPA partly mediate through FLD to repress 
FLC expression. Loss of FCA function increases H3K4 di and tri methylation 
in FLC chromatin. These two genes regulated RNA metabolism/processing, 
hence generate the repressive chromatin modification in FLC chromatin and 
thus inhibit the expression of FLC to promote flowering (Baurle, Smith et al. 
2007). 
 
1.6 WD repeat protein Swd2 
The modification of histone is usually controlled by specific protein 
complexes. Studies on Drosophila have found that the proteins involved in 
histone methylation have a conserved SET domain (Joshi, Carrington et al. 
2008). In S.cerevisiae, 6 genes with significant matches to the SET domain 
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were found) termed Set1-6), of which the Set1 protein has the greatest 
similarity (Takahashi, Lee et al. 2009). The Set1 complex (Set1C also known 
as complex associated with Set1 or COMPASS) methylates histone H3 on 
lysine 4, with different levels of methylation affecting transcription by 
recruiting various factors to distinct regions of active genes. Set1 is a complex 
including Set1, Swd1, Swd2, Swd3, Bre2, Sdc1, Shg1 and Spp1 (Miller, 
Krogan et al. 2001)  
Studies on Set1 have found that the deletion of any of Set1 components, 
except for Shg1, causes to significant but reduction in H3K4 methylation and 
Set1 protein level. The Set1 complex components essential for all three states 
of methylation as well as for wild type level of Set1 protein are Swd1 and 
Swd3 (Dehe, Dichtl et al. 2006, Mueller, Canze et al. 2006, Wu, Wang et al. 
2008).    
Both Set1 and its associated protein are necessary for viability with the 
notable exception of Swd2, a 37-kD protein without a proven cellular 
function. Swd2 is composed of six WD repeats, which are domains of about 
40 amino acids that usually end with tryptophan-aspartic acid (WD). Only the 
WD40- containing Swd2 component of Set1/COMPASS complex is essential, 
and functions not only in histone H3 methylation but also in transcription 
termination and messenger RNA (mRNA) 3’-end formation (Smith, Gaitatzes 
et al. 1999, Soares and Buratowski 2012).  
The absence of Swd2 leads to the noticeable reduction in the level of 
Set1 protein and destabilization of the COMPASS complex, confirming that 
Swd2 is a key factor for Set1 stability, complex integrity and H3K4 
methylation. In addition, studies in yeast have showed the interaction between 
Swd2 and several subunits of the mRNA3' end processing machinery. 
Chromatin remodeling and histone epigenetic marks have a fundamental role 
in the dynamics and regulation of RNA polymerase II-dependent transcription. 
During transcription, the nascent pre-mRNA is capped at the 5' terminal, 
introns are removed by splicing and the 3' terminal is cleaved and 
polyadenylated. The processing of the 3' end promotes transcription 
termination and nuclear export, and acquisition of a poly (A) tail is important 
for the production of functional mRNA (Cheng, He et al. 2004). The presence 
of Swd2 in the cleavage and polyadenylation factor CPF complex suggests 
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that it might be directly involved in mRNA or snoc RNA 3' end formation or 
might help coordinate 3' terminal processing with other events in mRNA 
synthesis and activities. 
Swd2 in yeast had been described as a bona fide member of the Set1 
complex, is required for global histone H3K4 methylation and other Set1-
regulated events. Although the tight association between Swd2 with the CPF 
complex, Swd2 is not directly connect to pre-mRNA 3' terminal processing. 
Swd2 plays a role in RNAP II transcription termination that is not dependent 
on its function in histone methylation. This data suggest that  Swd2, as part of 
CPF, helps to coordinate the activities of the transcription and 3' end 
processing machineries (Cheng, He et al. 2004). 
 
1.7 Artificial mircro RNA (amiRNA) mediated knockdown in 
plants 
 Micro RNAs (miRNAS) are small, single-stranded RNA genes 
containing the reverse complement of the mRNA transcript of another protein-
coding gene. These miRNAs can inhibit the expression of the target protein-
coding gene. miRNA was first described in C.elegans as RNA molecules of 18 
to 23 nucleotides (nt)- that are complementary to the '?*#"&"#2  
73’UTR) of the target transcripts, including the lin-4 and let-7 genes. These 
RNA genes mediated the development of the worm. Subsequently, miRNA 
were found in diverse organism, ranging from plants to animals (Shao-Yao 
Ying 2013). 
Despite of being transcribed from DNA that is not translated, miRNA 
plays an important role in regulating the expression of other genes. One 
mRNA can be regulated by many miRNAs and one miRNA can target more 
than one mRNA because most of the miRNA can suppress gene function 
based on partial complementary (Shao-Yao Ying 2013, Zhou, Xu et al. 2013). 
The level of sequence complementarity between the miRNA and RNA 
transcripts in animals is different from this level in plants systems. To date, 
studies on miRNAs showed that both animal and plant miRNAs mediate both 
translational repression of intact mRNA and also cause mRNA degradation 
(Pillai, Artus et al. 2004, Walters, Bradrick et al. 2010, Dalmay 2013). 
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 In plants, miRNAs usually display near-perfect complementarity to a 
single sequence stretch in the coding region of their target transcripts. This 
gives a very specific recognition of the target mRNA by the miRNA, which is 
combined into a large protein complex, the RNA-induced silencing complex 
(RISC) that mediates the cleavage of the target mRNA (Matthew W. Jones-
Rhoades, David P. Bartel et al. 2006). In general, RISC represses the 
translation of the target mRNA, and this complex is most possibly transported 
to the so-called processing bodies, where the target mRNA is first stored and 
then degraded (Matthew W. Jones-Rhoades, David P. Bartel et al. 2006, 
Zhang, Liu et al. 2012, Zhou, Xu et al. 2013).  
 Plant miRNAs are high-level regulators of gene expression that affect 
numerous aspects of plant biology, especially developmental patterning. 
Because of its effects on the plants development, various studies focus on 
miRNA expression in physiological and pathological processes to elucidate 
the gene function in life cycle. The mature miRNA is used as a template to 
lead to the silencing of complementary target mRNAs (Matthew W. Jones-
Rhoades, David P. Bartel et al. 2006). Mutants defective in miRNA biogenesis 
exhibit severe, unusual phenotypes, and plants that overexpress particular 
miRNAs or express miRNA-resistant versions of particular miRNA targets 
exhibiting a wide array of pleiotropic abnormalities (Matthew W. Jones-
Rhoades, David P. Bartel et al. 2006).  
Prior to the development of miRNA techniques, the small non-coding 
RNAs were used to silence gene in the plant to study the plant development 
(Hamilton and Baulcombe 1999, Voinnet, Pinto et al. 1999). However, it was 
hard to achieve the desired effect because the difficulty in determining the 
appropriate virus to establish an optimal viral vector acting as a silencer or 
because the unexpected complementarities will be formed during the 
experiments. The studies in miRNAs have given a new method to completely 
silence target genes avoiding these difficulties by using the artificial 
microRNAs (amiRNAs). amiRNAs can be designed based on exchanging the 
miRNA/miRNA sequence within a miRNA precursor with a sequence 
designed to match the target gene, this is possible as long as the secondary 
RNA structure of the precursor is kept intact (Gaurav Sablok 2011). 
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  In Arabidopsis, amiRNAs were used to silence genes and over the last 
few years, the effectiveness of amiRNAs have increased and amiRNA 
technology will advance the process of reverse genetics research in future 
(Schwab, Ossowski et al. 2006, Gaurav Sablok 2011). 
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Objectives of this study 
 
From a previous study in our lab ( Zhou, Y. 2007), the Arabidopsis 
SWD2A protein was found homologous to the yeast SWD2. swd2a mutants 
caused late flowering in short and long day conditions. This gene is mainly 
expressed in shoot apical meristem and root hair region. These results suggest 
the function of SWD2A in promoting the floral transition in plants. In this 
study, we continue studying on double mutants between swd2a and other 
genes involved in flowering time regulation such as FVE, FLD and FRI to 
further uncover the function of SWD2A in flowering time regulation 
In addition, we also characrerized another SWD2 homolog, the SWD2B 











2.1 Plant materials and growth conditions 
 
All Arabidopsis thaliana plants (ecotype Col-0) were grown under long 
days (16h light/8h dark) conditions in controlled environment rooms at 21°C 
on shelves with fluorescent lighting. Alternatively, surface-sterilized 
Arabidopsis thaliana seeds were sown on 0.8% agar plates containing 0.5 × 
Murashige-Skoog basal salts (Duchefa, Haarlem, Netherlands), without 
sucrose, kept at 4°C in the dark for 3 days for stratification, and then 
transferred to a light chamber with 16 h of light per day at 21°C until the plant 
material was harvested for further analysis. 
Flowering time were recorded as the number of days from the date the 
seeds were germinated at 21°C to bolting. Total leaf number (LN) was scored 
as the number of leaves in the rosette plus the number of cauline leaves on the 
main stem, which has been shown to correlate highly with flowering time. 
The fld-3, fve-4 and FRI are in the Columbia (Col) background and have 
been described previously.  
The swd2a mutant lines were created by knocking out SWD2A by 
transferred DNA (T-DNA) insertion from in the Col. 
The swd2b mutant lines were created by using amiRNA to knock down 
SWD2B in Col. 
The swd2a-1 mutant, which is in the Col accession, was crossed with the 
fld-3, fve-4 and fri respectively to form the double swd2a  mutants. 
 
2.2 Plasmid construction 
2.2.1. Cloning 
To knock down SWD2B expression, two copies of artificial micro RNA 
(miRNA) were inserted into the pB7GWING2 vector for hairpin RNA 
production. 
The plasmid pRS300 contains the miR319a precursor in pBSK (cloned 
via SmaI site). The design of artificial miRNA was performed according to the 
protocol published by Rebecca Schwab (2005). Based on the name submitted 



















After three rounds of polymerase chain reaction (PCR) amplification, 
the resulting product was treated with EcoRI and BamHI, and then performing 
ligation with pENT4. The LR reaction was performed between the pENT4 
vector and the destination vector pLZ-B2GW7 containing Cauliflower mosaic 
virus (CMV) 35S promoter by using LR Clonase-II KIT. 
 
2.2.2. Verification of clones using PCR 
The following method refers to verification of pGEM-T Easy vector 
based construct. 
To confirm the clones with the miRNA in bacterial colonies, each 
selected colony was suspended in 5μl LB broth. 2μl of bacterial suspension 
was added to a buffered PCR reaction mix containing 0.2mM dNTP, 1 unit of 
DynazymeTM Thermostable DNA Polymerase, 0.2mM T7 primers. PCR was 
performed by denaturation at 94°C for 5 minutes, 32 cycles of denaturation at 
94°C for 30 seconds, annealing at 58°C for 30 seconds, and extension at 72°C 
for 1 minute, and final extension at 72°C for 5 minutes. PCR products were 
separated on a 1% TAE agarose gel by electrophoresis. PCR products are 
separated by 1% agarose gel with 0.5 μg/ml ethidium bromide along with a 
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standard DNA ladder (Fermentas) under constant voltage of 90V for 30 
minutes. The specific bands with correct size are cut off under the long wave 
length UV light (365 nM) and then purified by the QIAGEN Gel Extraction 
kit according to the manufacturer’s instructions. Clones with PCR products 
that had different size were selected for DNA sequencing. 
 
2.2.3. Sequence analysis 
Plasmids from the selected colonies were purified with Wizard® Plus 
SV Minipreps DNA Purification System (Promega) according to the 
manufacturer’s instruction. DNA sequences of the plasmid inserts were 
determined by BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems). About 300 ng of purified plasmid was added into each reaction 
tube with 3.2 pmols of T7 primer. Sequencing PCR was performed as follows: 
25 cycle of denaturation at 96°C for 10 sec, annealing at 50°C for 5 sec, and 
extension at 58°C for 3 min. PCR product was then precipitated with 80μl of 
75 % isopropanol, pelleted by centrifugation, washed with 500μl of 70 % 
ethanol, and finally air-dried. The DNA pellet was sequenced by the DNA 
Sequencing Laboratory in the Department of Biological Sciences, National 
University of Singapore. The sequence identity was identified by comparing 
the sequence with published databases in the BLAST programme at the web 
site of National Centre for Biotechnology Information (NCBI, 
http://www.ncbi.nlm.nih.gov). 
 
2.3 Plant transformation, crossing and selection 
2.3.1. Plant transformation 
The constructs were transformed into A.thaliana Col-0 plants by the 
floral dip method (Clough and Bent, 1998). Agrobacterium tumefaciens 
(GV3101) was transformed with the binary vector pGPTV-BAR carrying the 
miRNAs under the control of the 35S cauliflower. 
In detail, 500mL of Agrobacteria with antibiotic to select for the binary 
plasmid was cultured overnight at 28°C and collected by centrifugation. While 
the plasmid carries miRNA, cells were plated on LB agar medium 
supplemented with 25μg/ml gentamycin, 10μg/ml tetracycline and 10μg/ml 
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spectinomycin. The pellet was re-suspended in to transformation medium 
(1.0L of transformation medium contains 50g sucrose, 0.5g MES, pH 5.7 and 
500μL of Silwet L-77). Siliques and opened flowered were removed before 
plants were dipped in the solution for 30 to 40 seconds, with gentle agitation. 
Plants were placed under a dome or covered for 16 to 24 hours to maintain 
high humidity. Then water and grow plants in long day conditions. Mature, dry 




Closed flower buds were emasculated to expose pistils by complete 
removal of the other floral organs. Pistils were left for 24 hours and then 
manually pollinated by pollen of donor plants. Siliques were harvested at 
various days after pollination as indicated in the text and figure legends. In this 
project, we created the double mutant between swd2a and other genes 
controlling flowering: fve-4, fld-3 and FRI. 
 
2.3.3. Plant selection 
Transgenic plants with other constructs were grown on soil and selected 
by spraying 0.2% Basta twice at a one week interval after the emergence of 
the first rosette leaf. Seeds of the T1 generation were harvested, T1 transgenic 
plants were selected by BASTA treatment, and the survivors were grown to 
harvest T2 and then T3 seeds. For the double mutant swd2a fve-4, swd2a fld-3 
and swd2a FRI, after selection by Basta, we performed genotyping to select 
the double homozygous plants. 
 
2.4 DNA manipulation 
2.4.1. DNA extraction 
A PCR-based method of genotyping was performed on surviving T1 
plants to confirm successful integration of the construct into the plant genome. 
A pair of primers with one specific to the vector backbone and the other one 
specific to the insert was used to amplify the desired PCR product from crude 
plant genomic DNA which was prepared by the following procedure: 
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Rosette leaves were ground with 150μl of DNA extraction buffer (0.2 M 
Tris-HCl, pH 9.0, 0.4 M LiCl, 25 mM EDTA, and 1% SDS) in eppendorf 
tubes. Add 350μl of extraction buffer and vortex. Then add 500μl of 
Chloroform in to the homogenized sample and mix by inverting the tube. After 
centrifuging at 12800rpm for 12 min at room temperature, transfer 450μl of 
the supernatant into the new tube containing 450μl of isopropanol then vortex. 
Spin the tube at 12800rpm in 14min at room temperature. Discard the 
supernatant and the pellet was washed briefly with 70% ethanol, then 100% 
ethanol. The pellet was dried and dissolved in 40μl of TE. 
 
2.4.2. Amplification of DNA by polymerase chain reaction (PCR) 
DNA fragments and interested genes are amplified by the basic 
polymerase chain reaction (PCR). Taq PCR Master Mix Kit (QIAGEN) is 
used for this purpose. This kit provides QIAGEN Taq DNA Polymerase in a 
premixed format. This ready to-use solution includes Taq DNA Polymerase, 
PCR Buffer, MgCl2, and ultrapure dNTPs at optimized concentrations. The 
composition of PCR reaction mixture is shown as following: 4.0μl PCR 
buffer, 1.8μl MgCl2 , 1.8μl ultrapure dNTPs,  0.8μl forward Primer (100μM), 
0.8μl reverse Primer (100μM), 0.1μl Taq DNA Polymerase, 2μl DNA 
templates (20-100 ng/μl), 8.7μl distilled water top up to 20μl final volume. 
The PCR is running on Peltier Thermal Cycler (DNA engine BioRad) with the 
following program: 94°C for 2 minutes, 30 cycles for each 94°C for 30 
seconds, 58°C for 30 seconds, and 72°C for 30 seconds, 72°C for 3 minutes 






Table 1 - Genotyping primers used in this study. 

























2.5 RNA extraction and expression analysis 
Total RNA was isolated with RNeasy Plant Mini Kit (Qiagen) and 
reverse-transcribed with ThermoScript RT-PCR System (Invitrogen) 
according to the manufacturers’ instructions. Total RNAs were extracted from 
aerial parts of 10-day-old seedlings. Plant tissues of different organs except the 
roots were collected and immediately frozen in liquid nitrogen. 
The total RNAs were used as templates to synthesize cDNAs by reverse 
transcription. 1.5 μg of total RNA was treated with 1μg of DNase (Ambion). 
For reverse transcription, 1μg of DNA-free RNA was incubated at 42°C for 1 
hour with 200 unit of AffinityScript Multiple Temperature Reverse 
Transcriptase (Stratagene) in a 40 uL reaction mixture of 4 μL of provided RT 
buffer, 10 mM DTT, 5 mM oligod(T), 4 mM dNTP, and 100 units of RNase 
inhibitor (Promega). The reaction was stopped by incubating at 72°C for 10 
minutes. Dilute the cDNA four times before using in further PCR experiments. 
Real-time PCR was performed in triplicates on 7900HT Fast Real-Time 
PCR system (Applied Biosystems) with SYBR Green PCR Master Mix 
(Applied Biosystems). PCR was carried out as follow: 50°C for 2 minutes, 
95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C 
for 1 minute. Primers were used to amplify the cDNAs of FLC, FT, MAF2, 
MAF3, MAF4, MAF5, SWD2A, SWD2B and TUB2. The difference between 
the cycle threshold (Ct) of the target gene and the Ct of TUB2 (∆Ct = Cttarget 
gene - Cttubulin) was used to obtain the normalized expression of target genes, 
which correspond to 2-∆Ct. Primer sequences were designed to span introns so 
that amplification of cDNA could be distinguished from amplification of 
genomic DNA by size. All real-time PCR primers used for detecting gene 





Table 2 - Primers for real- time quantitative PCR 
































































3.1 Identification of two homologs of the yeast SWD2 in 
Arabidopsis 
SWD2 is required for cell viability in yeast (Cheng, He et al. 2004). We 
previously identified that SWD2A (At5g14530) is a homolog of the yeast 
SWD2 (Zhou 2007).  
In addition to SWD2A, Arabidopsis has another homolog of SWD2: 
SWD2B (At5g66240) (Figure 3). The amino acid sequence identity between 
SWD2 and SWD2A is 32% (52% at positive hits) and between SWD2 and 
SWD2B is 29% (48% at positive hits) (Figure 3). 
For SWD2A, there are two dependent T-DNA insertion lines 345-348I5 
named swd2a-1 and 489-492K11 called swd2a-2 inserting in the 3’ part of the 







Figure 3 - Amino acid sequence alignment of Arabidopsis thaliana SWD2A, 
SWD2B and the yeast SWD2 
Identical residues are in white letters. The WD domains are marked in red box. 




3.2 Analysis of SWD2A in Arabidopsis 
3.2.1. swd2a delays flowering 
To study flowering times of the SWD2A knock- out plants, the number 
of rosette and cauline leaves producing by the shoot apical meristem was 
scored before flowering. The data was shown in the Figure 4 and the graphical 
presentation was shown in Figure 5. From the data, both swd2a-1 and swd2a-2 
mutants are late flowering in comparison to Col, consist that with our previous 
finding (Zhou 2007). The difference in rosette leaves between mutants and Col 
in long day condition is 3.55 and 2.4 for swd2a-1 and swd2a-2 respectively.  
Previous studies had shown that mutations in genes of the photoperiod 
pathway usually cause delayed flowering in long day but not in short days 
(Liu, Xi et al. 2009, Amasino 2010, Deng, Ying et al. 2011). The autonomous 
pathway acts independently of day length, but mutants of the autonomous 
pathway gene often have stronger effect in delaying flowering in short day 
than in long days (Putterill, Laurie et al. 2004, Veley and Michaels 2008, 
Amasino 2010). However, in this case, we noted that both swd2a mutants also 
caused late flowering in short day condition and the effect of the late 
flowering is almost the same in two both conditions. From these data, we 
found out that SWD2A gene has effect in promoting flowering in both long 
day and short day condition, but the mechanism of this gene activity on 




Figure 4 - Flowering time of swd2a mutants in long days 
Total leaves number of primary rosette and cauline leaves at flowering was 
counted, and each line about 15- 20 plants were scored. Error bars show 



































Figure 5 - Late flowering phenotype of swd2a mutants under long days 
Two T-DNA insertion lines in SWD2A (swd2a-1 and swd2a-2) flower later 




To gain further insight into the role of SWD2A, we created a double 
mutant between swd2a and other genes regulating flowering in Arabidopsis. 
 
3.2.2. SWD2A plays additive roles with FLD, FRI and FVE in floral 
transition 
 
The visible phenotypes that have been reported for swd2a, FRI, fve-4 
and fld-3 are primarily limited to delay flowering in comparison to Col (wild 
type). Since both two T-DNA insertion scaused late flowering in Arabidopsis 
in long day and short day conditions, we chose the later flowering mutant 
(swd2a-1) to cross with FRI, fve and fld in the Col background, which contains 
a strong FLC allele. 
In this project, we choose fld-3 for crossing because previous studies had 
shown that this mutant flowers very late (He et al., 2003). Similarity, in the 
Col, FRI strongly delays flowering, as had been shown from other studies that 
the late-flowering phenotype of FRI is likely to result entirely from an 
upregulation of FLC activity (He 2012). FVE acts to upstream of FLC and 
promote flowering by inhibiting FLC expression (Michaels and Amasino, 
2001). The single and double mutants were grown in long day condition, the 





Figure 6 - Flowering times of plants in the long-day conditions. 
Flowering time was recorded as the number of rosette leaves at bolting, thus 
late flowering plants have more rosette leaves. Error bars show standard error 








































From the Figure 6, all of the swd2a-1 double mutant flowered much later 
than wild-type Col and slightly later than the single mutants in inductive long 
day photoperiod. The double mutants swd2a-1 fld-3 and swd2a-1 FRI flower 
later than any other autonomous mutant in the Col genetic background (Figure 
7). The visible phenotypes that have been reported for autonomous pathway 
single mutants are primarily limited to delayed flowering (although it should 
be noted that fve mutants show altered response to cold (Kim, Hyun et al. 
2004). In double mutants between swd2a-1 and other flowering time mutants, 
the phenotypes of most lines were restricted to flowering time. The difference 
in the number of rosette leaves between fve-4, fld-3, FRI and the respective 
double mutants swd2a-1 is 22.8, 9.95 and 4.9, respectively. Although swd2a-1 
caused delayed flowering, the difference in the number of rosette leaves 
between Col and swd2a-1 is not as high as those between single and double 
autonomous mutants. These data indicated an additive function of SWD2A 




Figure 7 - Phenotype of single and double mutants under long days 
 
Rossete of three week old plants that were grown in long day condition, at 
which the early flowering of Col and swd2a-1 are easily seen. fve-4, fld-3, FRI 
and the double mutants swd2a-1 fve-4, swd2a-1 fld-3 and swd2a-1 FRI 
showed late flowering. 
  
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3.2.3. SWD2A represses the expression of FLC and FLC relatives  
  
Because the late-flowering phenotype in plants is due to the up-
regulation in FLC expression, we investigated the mRNA levels of FLC in the 
single and double mutants. Overall, the level of FLC expression was well 
correlated with the delay in flowering (Figure 8). 
Previous studies had shown that the late-flowering of fve, fld, FRI is due 
to elevated levels of FLC expression and is eliminated by flc (Michaels and 
Amasino 2001). Both FLD and FVE are involved in FLC repression by 
histone deacetylation. FRI mediates chromatin modifications at the FLC locus 
to establish the winter annual growth habit. FRI can activate or upregulate 
FLC expression to a higher level that inhibits flowering, with vernalization, a 
prolonged period of cold exposure overriding the function of FRI to silence 
FLC expression and enable flowering (He 2012).  
The FLC level in swd2a-1 is slightly higher than in the parental Col line, 
this data is correlated with the slightly late flowering phenotype of swd2a. 
Increased FLC expression is characteristic of fld, fve and lines containing FRI, 
which is an activator of FLC that confers the vernalization-responsive late 
flowering habit in many winter-annual accessions of Arabidopsis (Zeng, Zhao 
et al. 2006, Sheldon, Finnegan et al. 2009, Amasino 2010). In the double 
mutants containing Swd2a, we found that FLC was strongly depressed, this 
probably indicates that SWD2A plays an important role in repressing the 
expression of FLC during the vegetative development. The double mutants 
showed that swd2a-1 enhances with fld, fve and lines containing FRI in 







Figure 8 - Repression of FLC by SWD2A 
 
The transcript level were quantified by qRT-PCR, and normalized first to the 
endogenous control TUBULIN2 (TUB2). Relative expression to wild-type 





























To further investigate the role of SWD2A  in the floral transition, we also 
studied the expression of FLC relatives such as FLM, MAF2, MAF3, MAF4 
and MAF5. Like FLC expression, these FLC clade members are also regulated 
by chromatin modification. Our previous study had showed that FLC, MAF3 
and three other FLC clade members can directly interact with each other and 
mediate flowering in Arabidopsis (Gu, Le et al. 2013). The transcription levels 
of these genes were examined in the seedlings of swd2a-1 and swd2a -2 
mutants. We found that like the increasing in the level of FLC, the expression 
level of MAF3 was higher in the swd2a mutants than in the Col (Figure 9). 
However, the data also showed that the epression levels of FLM, MAF2, 
MAF4, MAF5 in swd2a mutants were not significant changed while compared 
with their expression in Col. Together, these results suggest that SWD2A 
strongly suppresses the expression of FLC and MAF3 but slightly or do not 
suppress the expression of FLM, MAF2, MAF4 and MAF5 to promote 
flowering. 
The FLC clade member MAF3 acts in partial redundancy in floral 
repression and mediates flowering responses to growth temperature, in 
addition to their participation in the flowering time regulation by vernalization 
and photoperiod. The FLC clade members form MADS-domain complexes to 
repress flowering (Gu, Le et al. 2013). In this study, we found that the knock- 







Figure 9 - SWD2A supresses the expression of FLC clade members. 
Relative FLM, MAF2, MAF3, MAF4 and MAF5 expression levels in the 
seedlings of indicated genotypes grown in long day conditions. The 
transcription level in each line were quantified by qRT-PCR, and normalized 
to the TUBULIN2 (TUB2) endogenous control; relative expression to wild-













3.3 Analysis of SWD2B in Arabidopsis 
3.3.1. swd2b delays flowering  
SWD2A is homolog of the yeast SWD2 that promotes flowering in 
Arabidospsis. In addition to SWD2A, Arabidopsis has another homolog of 
SWD2: SWD2B (At_5g66240). To get more data on the mechanism of how 
SWD2 regulating flowering time in Arabidopsis, we carried out further 
experiments on SWD2B. We first elucidated the biological roles of this 
SWD2B gene by using amiRNA targeting SWD2B. Two transgenic lines 
swd2b-1 and swd2b-2 expressing amiRNAs targeting SWD2B were created. In 
long-day conditions,  two mutants flowered later than the Col (Figure 10, 11).  
The differences in flowering behavior in long day between wild type, 
swd2b-1 and swd2b-2 were moderated but statistically significant (Table 3). 
The difference in rosette leaves between mutants and Col in long day 
condition is 5.6 and 3.5 for swd2b-1 and swd2b-2 respectively. The Swd2b-1 
had the stronger phenotype than Swd2b-2 in late flowering. The SWD2B 
transcript levels were qualified in two mutant seedlings by real time 
quantitative PCR. And  indeed, SWD2B expression was knocked down 







Figure 10 - Flowering time of the swd2b mutants under long days 
Flowering time was recorded as the number of rosette leaves at bolting, thus 
late flowering plants have more rosette leaves. In long days, both swd2b-1 and 













Figure 11 - Phenotypes of swd2b mutants under long days 
 
Rossete of three week old plants that were grown in long day condition, at 
which the early flowering of Col was easily seen. The transgenic lines swd2b-







Figure 12 - Relative expression of SWD2B in Col and mutants 
Relative SWD2B expression level in the seedlings of indicated genotypes 
grown in long day conditions. The transcription level in each line were 
quantified by qRT-PCR, and normalized to the TUBULIN2 (TUB2) 
endogenous control; relative expression to wild-type (Col) is presented.  
 
 
Table 3 - Student's test for the flowering times of swd2b-1 and swd2b-2 
mutants in long days 
 





















Because SWD2B is a homolog of SWD2, we reasoned that this gene has 
the same function as SWD2A in floral transition. From the above results, we 
found two mutants caused late flowering in the long day condition and this 
indicates that SWD2B, like SWD2A, promotes the floral transition in 
Arabidopsis. 
 
3.3.2. SWD2B  represses FLC expression 
FLC plays a central role in floral repression in Arabidopsis, and as 
described in the Introduction, the expression of FLC is involved in the 
regulation of flowering in Arabidopsis. The increase in the level of FLC 
expression delays flowering. From above data, we reasoned that the late 
flowering in the microRNA swd2b lines may be explained by the upregulation 
of FLC level. To investigate whether the FLC is up-regulated in SWD2B 
knock- down lines, we examined the FLC levels by real-time PCR in 10 day- 
old seedlings. Indead, the result shows that FLC transcript levels were raised 
in the transgenic lines in comparison to Col. Although two mutant lines 
(swd2b-1 and swd2b-2) show flowering phenotype, the FLC expression level 






Figure 13 - Relative expression of FLC in swd2b transgenic lines. 
 
Relative FLC expression level in the seedlings of indicated genotypes grown 
in long day conditions. The transcription level in each line were quantified by 
qRT-PCR, and normalized to the TUBULIN2 (TUB2) endogenous control; 













3.3.3. SWD2B  slightly represses the expression of FLC homologs  
 
We noted that SWD2A and SWD2B have similar effects on flowering 
promotion by repressing FLC expression. To further investigate the function 
and the similarity of these two gene in floral transition, we continued 
examining the effect of SWD2B on FLC homologs. Similar to SWD2A, 
SWD2B also strongly suppresses MAF3 expression while other clade member 
expression did not change in comparison to Col (Figure 14). Together with 
previous data, we conclude that SWD2B promotes flowering Arabidopsis by 
repressing FLC and MAF3 expression. 
From the results of this study on SWD2A and SWD2B, we revealed that 
these two genes have the similarity in promoting flowering in long-day 
conditions. Both two genes repress FLC and FLC clade members expression 
in Arabidopsis and to promote flowering. Because the Arabidopsis floral 
transition is regulated by various genes of different pathways, it is difficult to 
point out the right target of SWD2B without further experiments. But with the 
knowledge of the genes regulating floral transition, we can suggest that 






Figure 14 - SWD2B represses FLC homologs expression. 
Relative FLM, MAF2, MAF3, MAF4 and MAF5 expression levels in the 
seedlings of indicated genotypes grown in long day conditions. The 
transcription level in each line was quantified by qRT-PCR, and normalized to 
the TUBULIN2 (TUB2) endogenous control; relative expression to wild-type 























































In this study, we characterized SWD2A and SWD2B, two homologs of 
the Yeast SWD2. The results reveal that FLC is repressed by these two SWD2 
genes in Arabidopsis. The effect of these two genes is shown to promote 
flowering in long day condition, and repress the expression of FLC. We also 
revealed that both SWD2A and SWD2B have a strong effect in suppressing the 
expression of MAF3- the FLC homolog.  
 In the flowering regulatory network, FLC is a potent floral repressor 
that inhibits the floral transition. FLC plays an important role in flowering 
time regulation in Arabidopsis. The expression of FLC is under complex 
control and is affected by various genes involved in different pathways. 
Therefore, plants have evolved various pathways to regulate flowering in 
response to endogenous and environmental factors. Vernalization is the 
promotion of flowering by prolonged exposure to cold temperature, which 
would be experienced by plants in temperate climates during winter. FRI acts 
upstream of FLC to positively regulate FLC expression.  The autonomous 
pathway contains a group of genes (FLD, FCA, FPA, FY, FVE and LD) that 
promote flowering by suppressing the expression of FLC (Eckardt 2002, 
Rouse, Sheldon et al. 2002, Diallo, Kane et al. 2010).  
In the autonomous pathway, its genes repress FLC expression to 
accelerate flowering. Mutations in any one of these genes results in late 
flowering in long and short day conditions (Rouse, Sheldon et al. 2002, 
Simpson 2004, Salathia, Davis et al. 2006). The spatial expression patterns of 
these genes overlap with that of FLC expression. FLC and its clade members 
FLM and MAF4 were preferentially expressed in vasculature such as leaf 
veins, shoot apices and root tips, whereas MAF2 and MAF3 were prefrentially 
expressed in leaf veins, in addition to a weak expression in root tips (Gu, Le et 
al. 2013) . 
Previous studies on SWD2 have shown that SWD2 is a component of 
the histone H3 lysine-4 (H3K4) methyltransferase complex COMPASS. 
SWD2 acts to mediate crosstalk H2B ubiquitination and H3K4 trimethylation. 
This indicates that the flowering defect in Arabidopsis might be partly caused 
by H3K4 methylation disruption. As mentioned in the Litterature review, study 
on the chromatine-mediated FLC regulation has found various modifiers 
mediating FLC regulation and so flowering. Due to the time constrains, we did 
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not perform the experiments to confirm whether histone modification is one 
cause of flowering defect, and further study will resolve the issue. 
In seedlings, we previously found that SWD2A expression was highest in 
shoot apical meristem region and the root hair region, but moderate expression 
was observed in the first pair of true leaves and low expression in root tipss 
and cotyledons, especially along vascular tissues (Zhou 2007). The 
Arabidopsis eFP Browser reveals that SWD2B is expressed in the shoot apex, 
root tips, cotyledons and the cauline leaves (Figure 16). These two genes 
expression patterns overlap, hence, this may partly explain that single mutant 
showed flowering phenotype. SWD2A and SWD2B expression patterns overlap 
with those of FLC, FLC homologs and autonomous pathway genes.  
In addtition, the real-time PCR results showed the increase in the levels 
of FLC in swd2a-1 fld3, swd2a-1 fve4 and swd2a-1 FRI mutants in 
comparison with single swd2a-1 and other mutants. These results may suggest 
that FLC may be  a direct target of SWD2A and SWD2B. One possibility is that 
SWD2A and SWD2B may control the transcript levels of FLC anti-sence 
transcripts that are involved in FLC expression. From these data, as discussed 
next, we postulated that SWD2A and SWD2B can form a complex with 3’end 











Figure 15- Role of SWD2A and SWD2B in the control of flowering. 
FLC and its homologs inhibit the floral transition in Arabidopsis. The vernalization 
pathway silence FLC expression while FVE and FLD repress FLC expression 
independtly of environment aspects. FRI activates FLC expression. In addition, 
SWD2A and SWD2B also promote flowering by supressing FLC and MAF3 
expression. Lines with arrows indicate activation or upregulation of gene expression, 











Figure 16- Expression pattern of SWD2B in Arabidopsis 
Absolute modes indicate the highest level of expression for the primary gene in 
red, the lowest level of expression in yellow. SWD2B expression was highest in the 





In addition, the presence of SWD2 in the complex of cleavage and 
polyadenylation factor (CPF) involved in mRNA or snoRNA 3' end formation 
may coordinate 3' end processing with other events in mRNA synthesis and 
utilization (Cheng, He et al. 2004). The maturation of mRNA occurs 
cotranscriptionally in vivo and the 3' end is cleaved and polyadenylated. The 
processing of the 3' end promotes transcription termination and nuclear export,  
and acquisition of a poly(A) tail is essential for the production of functional 
mRNA (Vitaliano-Prunier, Menant et al. 2008, Soares and Buratowski 2012). 
Recent studies have revealed that antisense FLC transcript processing is 
involved in FLC silencing ( Liu et al., 2010). We postulate that SWD2A and 
SWD2B may be involved in the 3’ end formation of antisence FLC transcript 





Figure 17- Model for SWD2A and SWD2B function 
 
We propose that SWD2A and SWD2B are involved in the processing of antisence FLC 





 Abramova, M. V., A. N. Kukushkin, T. V. Pospelova, S. B. Svetlikova 
and V. A. Pospelov (2002). "[Role of the TCF phosphorylation state and the 
chromatin structure in the negative transcription regulation of the c-fos proto-
oncogene in E1A + c-Ha-ras transformed cells]." Mol Biol (Mosk) 36(1): 66-
75. 
Acquaviva, L., L. Szekvolgyi, B. Dichtl, B. S. Dichtl, C. de La Roche Saint 
Andre, A. Nicolas and V. Geli (2013). "The COMPASS subunit Spp1 links 
histone methylation to initiation of meiotic recombination." Science 
339(6116): 215-218. 
Adams, S., T. Allen and G. C. Whitelam (2009). "Interaction between the light 
quality and flowering time pathways in Arabidopsis." Plant J 60(2): 257-267. 
Akbarian, S. and H. S. Huang (2009). "Epigenetic regulation in human brain-
focus on histone lysine methylation." Biol Psychiatry 65(3): 198-203. 
Alexandre, C. M. and L. Hennig (2008). "FLC or not FLC: the other side of 
vernalization." J Exp Bot 59(6): 1127-1135. 
Allard, V., O. Veisz, B. Koszegi, M. Rousset, J. Le Gouis and P. Martre 
(2012). "The quantitative response of wheat vernalization to environmental 
variables indicates that vernalization is not a response to cold temperature." J 
Exp Bot 63(2): 847-857. 
Amasino, R. (2004). "Vernalization, competence, and the epigenetic memory 
of winter." Plant Cell 16(10): 2553-2559. 
Amasino, R. (2010). "Seasonal and developmental timing of flowering." Plant 
J 61(6): 1001-1013. 
Amasino, R. M. (1996). "Control of flowering time in plants." Curr Opin 
Genet Dev 6(4): 480-487. 
Amasino, R. M. (2005). "Vernalization and flowering time." Curr Opin 
Biotechnol 16(2): 154-158. 
An, Y. R., J. B. Xu and H. L. An (2011). "Polycomb group protein complex 
involved in plant vernalization." Yi Chuan 33(3): 207-212. 
 63 
Andersen, J. R., T. Schrag, A. E. Melchinger, I. Zein and T. Lubberstedt 
(2005). "Validation of Dwarf8 polymorphisms associated with flowering time 
in elite European inbred lines of maize (Zea mays L.)." Theor Appl Genet 
111(2): 206-217. 
Araki, Y., Z. Wang, C. Zang, W. H. Wood, 3rd, D. Schones, K. Cui, T. Y. 
Roh, B. Lhotsky, R. P. Wersto, W. Peng, K. G. Becker, K. Zhao and N. P. 
Weng (2009). "Genome-wide analysis of histone methylation reveals 
chromatin state-based regulation of gene transcription and function of memory 
CD8+ T cells." Immunity 30(6): 912-925. 
Aukerman, M. J., I. Lee, D. Weigel and R. M. Amasino (1999). "The 
Arabidopsis flowering-time gene LUMINIDEPENDENS is expressed 
primarily in regions of cell proliferation and encodes a nuclear protein that 
regulates LEAFY expression." Plant J 18(2): 195-203. 
Ausin, I., C. Alonso-Blanco, J. A. Jarillo, L. Ruiz-Garcia and J. M. Martinez-
Zapater (2004). "Regulation of flowering time by FVE, a retinoblastoma-
associated protein." Nat Genet 36(2): 162-166. 
Ballerini, E. S. and E. M. Kramer (2011). "In the Light of Evolution: A 
Reevaluation of Conservation in the CO-FT Regulon and Its Role in 
Photoperiodic Regulation of Flowering Time." Front Plant Sci 2: 81. 
Bannister, A. J. and T. Kouzarides (2011). "Regulation of chromatin by 
histone modifications." Cell Res 21(3): 381-395. 
Baurle, I., L. Smith, D. C. Baulcombe and C. Dean (2007). "Widespread role 
for the flowering-time regulators FCA and FPA in RNA-mediated chromatin 
silencing." Science 318(5847): 109-112. 
Beltman, J., W. K. Sonnenburg and J. A. Beavo (1993). "The role of protein 
phosphorylation in the regulation of cyclic nucleotide phosphodiesterases." 
Mol Cell Biochem 127-128: 239-253. 
Blazquez, M. A., J. H. Ahn and D. Weigel (2003). "A thermosensory pathway 
controlling flowering time in Arabidopsis thaliana." Nat Genet 33(2): 168-171. 
Blazquez, M. A., M. Trenor and D. Weigel (2002). "Independent control of 
gibberellin biosynthesis and flowering time by the circadian clock in 
Arabidopsis." Plant Physiol 130(4): 1770-1775. 
Boss, P. K., R. M. Bastow, J. S. Mylne and C. Dean (2004). "Multiple 
pathways in the decision to flower: enabling, promoting, and resetting." Plant 
Cell 16 Suppl: S18-31. 
 64 
Bui, H. T., N. Van Thuan, S. Kishigami, S. Wakayama, T. Hikichi, H. Ohta, 
E. Mizutani, E. Yamaoka, T. Wakayama and T. Miyano (2007). "Regulation 
of chromatin and chromosome morphology by histone H3 modifications in pig 
oocytes." Reproduction 133(2): 371-382. 
Caicedo, A. L., J. R. Stinchcombe, K. M. Olsen, J. Schmitt and M. D. 
Purugganan (2004). "Epistatic interaction between Arabidopsis FRI and FLC 
flowering time genes generates a latitudinal cline in a life history trait." Proc 
Natl Acad Sci U S A 101(44): 15670-15675. 
Cao, Y., Y. Dai, S. Cui and L. Ma (2008). "Histone H2B monoubiquitination 
in the chromatin of FLOWERING LOCUS C regulates flowering time in 
Arabidopsis." Plant Cell 20(10): 2586-2602. 
Cheng, H., X. He and C. Moore (2004). "The essential WD repeat protein 
Swd2 has dual functions in RNA polymerase II transcription termination and 
lysine 4 methylation of histone H3." Mol Cell Biol 24(7): 2932-2943. 
Chiang, G. C., D. Barua, E. M. Kramer, R. M. Amasino and K. Donohue 
(2009). "Major flowering time gene, flowering locus C, regulates seed 
germination in Arabidopsis thaliana." Proc Natl Acad Sci U S A 106(28): 
11661-11666. 
Choi, K., J. Kim, H. J. Hwang, S. Kim, C. Park, S. Y. Kim and I. Lee (2011). 
"The FRIGIDA complex activates transcription of FLC, a strong flowering 
repressor in Arabidopsis, by recruiting chromatin modification factors." Plant 
Cell 23(1): 289-303. 
Dalmay, T. (2013). "Mechanism of miRNA-mediated repression of mRNA 
translation." Essays Biochem 54(1): 29-38. 
Dambacher, S., M. Hahn and G. Schotta (2010). "Epigenetic regulation of 
development by histone lysine methylation." Heredity (Edinb) 105(1): 24-37. 
Dehe, P. M., B. Dichtl, D. Schaft, A. Roguev, M. Pamblanco, R. Lebrun, A. 
Rodriguez-Gil, M. Mkandawire, K. Landsberg, A. Shevchenko, A. 
Shevchenko, L. E. Rosaleny, V. Tordera, S. Chavez, A. F. Stewart and V. Geli 
(2006). "Protein interactions within the Set1 complex and their roles in the 
regulation of histone 3 lysine 4 methylation." J Biol Chem 281(46): 35404-
35412. 
Deng, W., H. Ying, C. A. Helliwell, J. M. Taylor, W. J. Peacock and E. S. 
Dennis (2011). "FLOWERING LOCUS C (FLC) regulates development 
pathways throughout the life cycle of Arabidopsis." Proc Natl Acad Sci U S A 
108(16): 6680-6685. 
 65 
Diallo, A., N. Kane, Z. Agharbaoui, M. Badawi and F. Sarhan (2010). 
"Heterologous expression of wheat VERNALIZATION 2 (TaVRN2) gene in 
Arabidopsis delays flowering and enhances freezing tolerance." PLoS One 
5(1): e8690. 
Domagalska, M. A., E. Sarnowska, F. Nagy and S. J. Davis (2010). "Genetic 
analyses of interactions among gibberellin, abscisic acid, and brassinosteroids 
in the control of flowering time in Arabidopsis thaliana." PLoS One 5(11): 
e14012. 
Domagalska, M. A., F. M. Schomburg, R. M. Amasino, R. D. Vierstra, F. 
Nagy and S. J. Davis (2007). "Attenuation of brassinosteroid signaling 
enhances FLC expression and delays flowering." Development 134(15): 2841-
2850. 
Dubuc, A. M., M. Remke, A. Korshunov, P. A. Northcott, S. H. Zhan, M. 
Mendez-Lago, M. Kool, D. T. Jones, A. Unterberger, A. S. Morrissy, D. Shih, 
J. Peacock, V. Ramaswamy, A. Rolider, X. Wang, H. Witt, T. Hielscher, C. 
Hawkins, R. Vibhakar, S. Croul, J. T. Rutka, W. A. Weiss, S. J. Jones, C. G. 
Eberhart, M. A. Marra, S. M. Pfister and M. D. Taylor (2013). "Aberrant 
patterns of H3K4 and H3K27 histone lysine methylation occur across 
subgroups in medulloblastoma." Acta Neuropathol 125(3): 373-384. 
Eckardt, N. A. (2002). "Alternative splicing and the control of flowering 
time." Plant Cell 14(4): 743-747. 
Eriksson, S., H. Bohlenius, T. Moritz and O. Nilsson (2006). "GA4 is the 
active gibberellin in the regulation of LEAFY transcription and Arabidopsis 
floral initiation." Plant Cell 18(9): 2172-2181. 
Farrona, S., F. L. Thorpe, J. Engelhorn, J. Adrian, X. Dong, L. Sarid-Krebs, J. 
Goodrich and F. Turck (2011). "Tissue-specific expression of FLOWERING 
LOCUS T in Arabidopsis is maintained independently of polycomb group 
protein repression." Plant Cell 23(9): 3204-3214. 
Feng, W. and S. D. Michaels (2011). "Dual roles for FY in the regulation of 
FLC." Plant Signal Behav 6(5): 703-705. 
Frier, H., E. Edwards, C. Smith, S. Neale and T. Collett (1996). "Magnetic 
compass cues and visual pattern learning in honeybees." J Exp Biol 199(Pt 6): 
1353-1361. 
Gaurav Sablok, A. P. e.-Q., Mehedi Hassan, Tatiana V. Tatarinova, 
CamiloL´opez (2011). "Artiﬁcial microRNAs (amiRNAs) engineering – 
Onhow microRNA-based silencing methods haveaffected current plant 
silencing research." Biochemical and Biophysical Research Communications 
406(3): 315-319. 
 66 
Gregis, V., A. Sessa, L. Colombo and M. M. Kater (2006). "AGL24, SHORT 
VEGETATIVE PHASE, and APETALA1 redundantly control AGAMOUS 
during early stages of flower development in Arabidopsis." Plant Cell 18(6): 
1373-1382. 
Grigoryev, S. A., T. Nikitina, J. R. Pehrson, P. B. Singh and C. L. Woodcock 
(2004). "Dynamic relocation of epigenetic chromatin markers reveals an 
active role of constitutive heterochromatin in the transition from proliferation 
to quiescence." J Cell Sci 117(Pt 25): 6153-6162. 
Gu, X., D. Jiang, Y. Wang, A. Bachmair and Y. He (2009). "Repression of the 
floral transition via histone H2B monoubiquitination." Plant J 57(3): 522-533. 
Gu, X., C. Le, Y. Wang, Z. Li, D. Jiang, Y. Wang and Y. He (2013). 
"Arabidopsis FLC clade members form flowering-repressor complexes 
coordinating responses to endogenous and environmental cues." Nat Commun 
4: 1947. 
Hamilton, A. J. and D. C. Baulcombe (1999). "A species of small antisense 
RNA in posttranscriptional gene silencing in plants." Science 286(5441): 950-
952. 
Hartmann, U., S. Hohmann, K. Nettesheim, E. Wisman, H. Saedler and P. 
Huijser (2000). "Molecular cloning of SVP: a negative regulator of the floral 
transition in Arabidopsis." Plant J 21(4): 351-360. 
He, Y. (2012). "Chromatin regulation of flowering." Trends Plant Sci 17(9): 
556-562. 
He, Y. and R. M. Amasino (2005). "Role of chromatin modification in 
flowering-time control." Trends Plant Sci 10(1): 30-35. 
He, Y., S. D. Michaels and R. M. Amasino (2003). "Regulation of flowering 
time by histone acetylation in Arabidopsis." Science 302(5651): 1751-1754. 
Helliwell, C. A., C. C. Wood, M. Robertson, W. James Peacock and E. S. 
Dennis (2006). "The Arabidopsis FLC protein interacts directly in vivo with 
SOC1 and FT chromatin and is part of a high-molecular-weight protein 
complex." Plant J 46(2): 183-192. 
Hepworth, S. R., F. Valverde, D. Ravenscroft, A. Mouradov and G. Coupland 
(2002). "Antagonistic regulation of flowering-time gene SOC1 by 
CONSTANS and FLC via separate promoter motifs." EMBO J 21(16): 4327-
4337. 
 67 
Hornyik, C., C. Duc, K. Rataj, L. C. Terzi and G. G. Simpson (2010). 
"Alternative polyadenylation of antisense RNAs and flowering time control." 
Biochem Soc Trans 38(4): 1077-1081. 
Jeon, J. and J. Kim (2011). "FVE, an Arabidopsis homologue of the 
retinoblastoma-associated protein that regulates flowering time and cold 
response, binds to chromatin as a large multiprotein complex." Mol Cells 
32(3): 227-234. 
Jeong, C. W., H. Roh, T. V. Dang, Y. D. Choi, R. L. Fischer, J. S. Lee and Y. 
Choi (2011). "An E3 ligase complex regulates SET-domain polycomb group 
protein activity in Arabidopsis thaliana." Proc Natl Acad Sci U S A 108(19): 
8036-8041. 
Jiang, D., W. Yang, Y. He and R. M. Amasino (2007). "Arabidopsis relatives 
of the human lysine-specific Demethylase1 repress the expression of FWA 
and FLOWERING LOCUS C and thus promote the floral transition." Plant 
Cell 19(10): 2975-2987. 
Joshi, P., E. A. Carrington, L. Wang, C. S. Ketel, E. L. Miller, R. S. Jones and 
J. A. Simon (2008). "Dominant alleles identify SET domain residues required 
for histone methyltransferase of Polycomb repressive complex 2." J Biol 
Chem 283(41): 27757-27766. 
Kamakaka, R. T. and J. T. Kadonaga (1993). "Biochemical analysis of the role 
of chromatin structure in the regulation of transcription by RNA polymerase 
II." Cold Spring Harb Symp Quant Biol 58: 205-212. 
Kim, D. H. and S. Sung (2010). "The Plant Homeo Domain finger protein, 
VIN3-LIKE 2, is necessary for photoperiod-mediated epigenetic regulation of 
the floral repressor, MAF5." Proc Natl Acad Sci U S A 107(39): 17029-17034. 
Kim, H. J., Y. Hyun, J. Y. Park, M. J. Park, M. K. Park, M. D. Kim, H. J. 
Kim, M. H. Lee, J. Moon, I. Lee and J. Kim (2004). "A genetic link between 
cold responses and flowering time through FVE in Arabidopsis thaliana." Nat 
Genet 36(2): 167-171. 
Kim, W., D. Latrasse, C. Servet and D. X. Zhou (2013). "Arabidopsis histone 
deacetylase HDA9 regulates flowering time through repression of AGL19." 
Biochem Biophys Res Commun 432(2): 394-398. 
Ko, J. H., I. Mitina, Y. Tamada, Y. Hyun, Y. Choi, R. M. Amasino, B. Noh 
and Y. S. Noh (2010). "Growth habit determination by the balance of histone 
methylation activities in Arabidopsis." EMBO J 29(18): 3208-3215. 
Korves, T. M., K. J. Schmid, A. L. Caicedo, C. Mays, J. R. Stinchcombe, M. 
D. Purugganan and J. Schmitt (2007). "Fitness effects associated with the 
 68 
major flowering time gene FRIGIDA in Arabidopsis thaliana in the field." Am 
Nat 169(5): E141-157. 
Lee, I. and R. M. Amasino (1995). "Effect of Vernalization, Photoperiod, and 
Light Quality on the Flowering Phenotype of Arabidopsis Plants Containing 
the FRIGIDA Gene." Plant Physiol 108(1): 157-162. 
Lee, I., M. J. Aukerman, S. L. Gore, K. N. Lohman, S. D. Michaels, L. M. 
Weaver, M. C. John, K. A. Feldmann and R. M. Amasino (1994). "Isolation of 
LUMINIDEPENDENS: a gene involved in the control of flowering time in 
Arabidopsis." Plant Cell 6(1): 75-83. 
Lee, J. H., S. J. Yoo, S. H. Park, I. Hwang, J. S. Lee and J. H. Ahn (2007). 
"Role of SVP in the control of flowering time by ambient temperature in 
Arabidopsis." Genes Dev 21(4): 397-402. 
Levy, Y. Y. and C. Dean (1998). "Control of flowering time." Curr Opin Plant 
Biol 1(1): 49-54. 
Lin, C. (2000). "Photoreceptors and regulation of flowering time." Plant 
Physiol 123(1): 39-50. 
Liu, C., W. Xi, L. Shen, C. Tan and H. Yu (2009). "Regulation of floral 
patterning by flowering time genes." Dev Cell 16(5): 711-722. 
Liu, C., J. Zhou, K. Bracha-Drori, S. Yalovsky, T. Ito and H. Yu (2007). 
"Specification of Arabidopsis floral meristem identity by repression of 
flowering time genes." Development 134(10): 1901-1910. 
Lopez-Vernaza, M., S. Yang, R. Muller, F. Thorpe, E. de Leau and J. 
Goodrich (2012). "Antagonistic roles of SEPALLATA3, FT and FLC genes as 
targets of the polycomb group gene CURLY LEAF." PLoS One 7(2): e30715. 
Martin-Tryon, E. L., J. A. Kreps and S. L. Harmer (2007). "GIGANTEA acts 
in blue light signaling and has biochemically separable roles in circadian clock 
and flowering time regulation." Plant Physiol 143(1): 473-486. 
Martinez-Garcia, J. F., A. Virgos-Soler and S. Prat (2002). "Control of 
photoperiod-regulated tuberization in potato by the Arabidopsis flowering-
time gene CONSTANS." Proc Natl Acad Sci U S A 99(23): 15211-15216. 
Matthew W. Jones-Rhoades, David P. Bartel and a. B. Bartel (2006). 
"MicroRNAs and Their 
Regulatory Roles in Plants." Plant Biology 57: 19-53. 
 69 
Mendez-Vigo, B., F. X. Pico, M. Ramiro, J. M. Martinez-Zapater and C. 
Alonso-Blanco (2011). "Altitudinal and climatic adaptation is mediated by 
flowering traits and FRI, FLC, and PHYC genes in Arabidopsis." Plant 
Physiol 157(4): 1942-1955. 
Mersman, D. P., H. N. Du, I. M. Fingerman, P. F. South and S. D. Briggs 
(2012). "Charge-based interaction conserved within histone H3 lysine 4 
(H3K4) methyltransferase complexes is needed for protein stability, histone 
methylation, and gene expression." J Biol Chem 287(4): 2652-2665. 
Michaels, S. D. and R. M. Amasino (2001). "Loss of FLOWERING LOCUS 
C activity eliminates the late-flowering phenotype of FRIGIDA and 
autonomous pathway mutations but not responsiveness to vernalization." Plant 
Cell 13(4): 935-941. 
Michaels, S. D., E. Himelblau, S. Y. Kim, F. M. Schomburg and R. M. 
Amasino (2005). "Integration of flowering signals in winter-annual 
Arabidopsis." Plant Physiol 137(1): 149-156. 
Miller, T., N. J. Krogan, J. Dover, H. Erdjument-Bromage, P. Tempst, M. 
Johnston, J. F. Greenblatt and A. Shilatifard (2001). "COMPASS: a complex 
of proteins associated with a trithorax-related SET domain protein." Proc Natl 
Acad Sci U S A 98(23): 12902-12907. 
Mohan, M., H. M. Herz, E. R. Smith, Y. Zhang, J. Jackson, M. P. Washburn, 
L. Florens, J. C. Eissenberg and A. Shilatifard (2011). "The COMPASS family 
of H3K4 methylases in Drosophila." Mol Cell Biol 31(21): 4310-4318. 
Moon, J., S. S. Suh, H. Lee, K. R. Choi, C. B. Hong, N. C. Paek, S. G. Kim 
and I. Lee (2003). "The SOC1 MADS-box gene integrates vernalization and 
gibberellin signals for flowering in Arabidopsis." Plant J 35(5): 613-623. 
Nakamura, K. and S. F. Morrison (2010). "A thermosensory pathway 
mediating heat-defense responses." Proc Natl Acad Sci U S A 107(19): 8848-
8853. 
Namihira, M., K. Nakashima and T. Taga (2004). "Developmental stage 
dependent regulation of DNA methylation and chromatin modification in a 
immature astrocyte specific gene promoter." FEBS Lett 572(1-3): 184-188. 
Nic-Can, G. I. and C. De la Pena (2012). "Determination of histone 
methylation in mono- and dicotyledonous plants." Methods Mol Biol 877: 
313-324. 
Nilsson, O., I. Lee, M. A. Blazquez and D. Weigel (1998). "Flowering-time 
genes modulate the response to LEAFY activity." Genetics 150(1): 403-410. 
 70 
Oh, S., H. Zhang, P. Ludwig and S. van Nocker (2004). "A mechanism related 
to the yeast transcriptional regulator Paf1c is required for expression of the 
Arabidopsis FLC/MAF MADS box gene family." Plant Cell 16(11): 2940-
2953. 
Oki, M., H. Aihara and T. Ito (2007). "Role of histone phosphorylation in 
chromatin dynamics and its implications in diseases." Subcell Biochem 41: 
319-336. 
Page, T., R. Macknight, C. H. Yang and C. Dean (1999). "Genetic interactions 
of the Arabidopsis flowering time gene FCA, with genes regulating floral 
initiation." Plant J 17(3): 231-239. 
Parcy, F. (2005). "Flowering: a time for integration." Int J Dev Biol 49(5-6): 
585-593. 
Pillai, R. S., C. G. Artus and W. Filipowicz (2004). "Tethering of human Ago 
proteins to mRNA mimics the miRNA-mediated repression of protein 
synthesis." RNA 10(10): 1518-1525. 
Putterill, J., R. Laurie and R. Macknight (2004). "It's time to flower: the 
genetic control of flowering time." Bioessays 26(4): 363-373. 
Quesada, V., R. Macknight, C. Dean and G. G. Simpson (2003). 
"Autoregulation of FCA pre-mRNA processing controls Arabidopsis 
flowering time." EMBO J 22(12): 3142-3152. 
Racine, A., V. Page, S. Nagy, D. Grabowski and J. C. Tanny (2012). "Histone 
H2B ubiquitylation promotes activity of the intact Set1 histone 
methyltransferase complex in fission yeast." J Biol Chem 287(23): 19040-
19047. 
Raman, H., R. Raman, P. Eckermann, N. Coombes, S. Manoli, X. Zou, D. 
Edwards, J. Meng, R. Prangnell, J. Stiller, J. Batley, D. Luckett, N. Wratten 
and E. Dennis (2013). "Genetic and physical mapping of flowering time loci 
in canola (Brassica napus L.)." Theor Appl Genet 126(1): 119-132. 
Ratcliffe, O. J., R. W. Kumimoto, B. J. Wong and J. L. Riechmann (2003). 
"Analysis of the Arabidopsis MADS AFFECTING FLOWERING gene 
family: MAF2 prevents vernalization by short periods of cold." Plant Cell 
15(5): 1159-1169. 
Ratcliffe, O. J., G. C. Nadzan, T. L. Reuber and J. L. Riechmann (2001). 
"Regulation of flowering in Arabidopsis by an FLC homologue." Plant 
Physiol 126(1): 122-132. 
 71 
Reeves, P. H., G. Murtas, S. Dash and G. Coupland (2002). "early in short 
days 4, a mutation in Arabidopsis that causes early flowering and reduces the 
mRNA abundance of the floral repressor FLC." Development 129(23): 5349-
5361. 
Rouse, D. T., C. C. Sheldon, D. J. Bagnall, W. J. Peacock and E. S. Dennis 
(2002). "FLC, a repressor of flowering, is regulated by genes in different 
inductive pathways." Plant J 29(2): 183-191. 
Salathia, N., S. J. Davis, J. R. Lynn, S. D. Michaels, R. M. Amasino and A. J. 
Millar (2006). "FLOWERING LOCUS C-dependent and -independent 
regulation of the circadian clock by the autonomous and vernalization 
pathways." BMC Plant Biol 6: 10. 
Samach, A. and G. Coupland (2000). "Time measurement and the control of 
flowering in plants." Bioessays 22(1): 38-47. 
Sanda, S. L. and R. M. Amasino (1996). "Interaction of FLC and late-
flowering mutations in Arabidopsis thaliana." Mol Gen Genet 251(1): 69-74. 
Schomburg, F. M., D. A. Patton, D. W. Meinke and R. M. Amasino (2001). 
"FPA, a gene involved in floral induction in Arabidopsis, encodes a protein 
containing RNA-recognition motifs." Plant Cell 13(6): 1427-1436. 
Schwab, R., S. Ossowski, M. Riester, N. Warthmann and D. Weigel (2006). 
"Highly specific gene silencing by artificial microRNAs in Arabidopsis." Plant 
Cell 18(5): 1121-1133. 
Searle, I., Y. He, F. Turck, C. Vincent, F. Fornara, S. Krober, R. A. Amasino 
and G. Coupland (2006). "The transcription factor FLC confers a flowering 
response to vernalization by repressing meristem competence and systemic 
signaling in Arabidopsis." Genes Dev 20(7): 898-912. 
Shao-Yao Ying, D. C. C., Shi-Lung Lin (2013). "The MicroRNA." Methods in 
Molecular Biology 936: 1-19. 
Sheldon, C. C., J. E. Burn, P. P. Perez, J. Metzger, J. A. Edwards, W. J. 
Peacock and E. S. Dennis (1999). "The FLF MADS box gene: a repressor of 
flowering in Arabidopsis regulated by vernalization and methylation." Plant 
Cell 11(3): 445-458. 
Sheldon, C. C., E. J. Finnegan, E. S. Dennis and W. J. Peacock (2006). 
"Quantitative effects of vernalization on FLC and SOC1 expression." Plant J 
45(6): 871-883. 
 72 
Sheldon, C. C., E. J. Finnegan, W. J. Peacock and E. S. Dennis (2009). 
"Mechanisms of gene repression by vernalization in Arabidopsis." Plant J 
59(3): 488-498. 
Shi, Y., F. Lan, C. Matson, P. Mulligan, J. R. Whetstine, P. A. Cole, R. A. 
Casero and Y. Shi (2004). "Histone demethylation mediated by the nuclear 
amine oxidase homolog LSD1." Cell 119(7): 941-953. 
Shilatifard, A. (2008). "Molecular implementation and physiological roles for 
histone H3 lysine 4 (H3K4) methylation." Curr Opin Cell Biol 20(3): 341-348. 
Shindo, C., M. J. Aranzana, C. Lister, C. Baxter, C. Nicholls, M. Nordborg 
and C. Dean (2005). "Role of FRIGIDA and FLOWERING LOCUS C in 
determining variation in flowering time of Arabidopsis." Plant Physiol 138(2): 
1163-1173. 
Simpson, G. G. (2004). "The autonomous pathway: epigenetic and post-
transcriptional gene regulation in the control of Arabidopsis flowering time." 
Curr Opin Plant Biol 7(5): 570-574. 
Simpson, G. G. and C. Dean (2002). "Arabidopsis, the Rosetta stone of 
flowering time?" Science 296(5566): 285-289. 
Smith, T. F., C. Gaitatzes, K. Saxena and E. J. Neer (1999). "The WD repeat: 
a common architecture for diverse functions." Trends Biochem Sci 24(5): 181-
185. 
Smyth, D. R., J. L. Bowman and E. M. Meyerowitz (1990). "Early flower 
development in Arabidopsis." Plant Cell 2(8): 755-767. 
Soares, L. M. and S. Buratowski (2012). "Yeast Swd2 is essential because of 
antagonism between Set1 histone methyltransferase complex and APT 
(associated with Pta1) termination factor." J Biol Chem 287(19): 15219-
15231. 
Sung, S. and R. M. Amasino (2004). "Vernalization and epigenetics: how 
plants remember winter." Curr Opin Plant Biol 7(1): 4-10. 
Takahashi, Y. H., J. S. Lee, S. K. Swanson, A. Saraf, L. Florens, M. P. 
Washburn, R. C. Trievel and A. Shilatifard (2009). "Regulation of H3K4 
trimethylation via Cps40 (Spp1) of COMPASS is monoubiquitination 
independent: implication for a Phe/Tyr switch by the catalytic domain of 
Set1." Mol Cell Biol 29(13): 3478-3486. 
Veley, K. M. and S. D. Michaels (2008). "Functional redundancy and new 
roles for genes of the autonomous floral-promotion pathway." Plant Physiol 
147(2): 682-695. 
 73 
Vitaliano-Prunier, A., A. Menant, M. Hobeika, V. Geli, C. Gwizdek and C. 
Dargemont (2008). "Ubiquitylation of the COMPASS component Swd2 links 
H2B ubiquitylation to H3K4 trimethylation." Nat Cell Biol 10(11): 1365-
1371. 
Voinnet, O., Y. M. Pinto and D. C. Baulcombe (1999). "Suppression of gene 
silencing: a general strategy used by diverse DNA and RNA viruses of plants." 
Proc Natl Acad Sci U S A 96(24): 14147-14152. 
Walters, R. W., S. S. Bradrick and M. Gromeier (2010). "Poly(A)-binding 
protein modulates mRNA susceptibility to cap-dependent miRNA-mediated 
repression." RNA 16(1): 239-250. 
Wang, J., L. Tian, H. S. Lee and Z. J. Chen (2006). "Nonadditive regulation of 
FRI and FLC loci mediates flowering-time variation in Arabidopsis 
allopolyploids." Genetics 173(2): 965-974. 
Wood, C. C., M. Robertson, G. Tanner, W. J. Peacock, E. S. Dennis and C. A. 
Helliwell (2006). "The Arabidopsis thaliana vernalization response requires a 
polycomb-like protein complex that also includes VERNALIZATION 
INSENSITIVE 3." Proc Natl Acad Sci U S A 103(39): 14631-14636. 
Xi, W. and H. Yu (2009). "An expanding list: another flowering time gene, 
FLOWERING LOCUS T, regulates flower development." Plant Signal Behav 
4(12): 1142-1144. 
Xiang-Jun Cui, H. L., and Guo-Qing Liu ( 2011). "Combinatorial patterns of 
histone modiﬁcations 
in Saccharomyces.cerevisiae." Yeast 28(9): 683- 691. 
Yamashino, T., S. Yamawaki, E. Hagui, K. Ishida, H. Ueoka-Nakanishi, N. 
Nakamichi and T. Mizuno (2013). "Clock-Controlled and FLOWERING 
LOCUS T (FT)-Dependent Photoperiodic Pathway in Lotus japonicus II: 
Characterization of a MicroRNA Implicated in the Control of Flowering 
Time." Biosci Biotechnol Biochem. 
Yang, C. H. and M. L. Chou (1999). "FLD interacts with CO to affect both 
flowering time and floral initiation in Arabidopsis thaliana." Plant Cell Physiol 
40(6): 647-650. 
Yoo, S. K., X. Wu, J. S. Lee and J. H. Ahn (2011). "AGAMOUS-LIKE 6 is a 
floral promoter that negatively regulates the FLC/MAF clade genes and 
positively regulates FT in Arabidopsis." Plant J 65(1): 62-76. 
Yun, J. Y., Y. Tamada, Y. E. Kang and R. M. Amasino (2012). "Arabidopsis 
trithorax-related3/SET domain GROUP2 is required for the winter-annual 
habit of Arabidopsis thaliana." Plant Cell Physiol 53(5): 834-846. 
 74 
Zacharaki, V., M. Benhamed, S. Poulios, D. Latrasse, P. Papoutsoglou, M. 
Delarue and K. E. Vlachonasios (2012). "The Arabidopsis ortholog of the 
YEATS domain containing protein YAF9a regulates flowering by controlling 
H4 acetylation levels at the FLC locus." Plant Sci 196: 44-52. 
Zeng, Q., Z. H. Zhao and S. Q. Zhao (2006). "[Signal pathways of flowering 
time regulation in plant]." Yi Chuan 28(8): 1031-1036. 
Zhang, J., B. Liu, J. He, L. Ma and J. Li (2012). "Inferring functional miRNA-
mRNA regulatory modules in epithelial-mesenchymal transition with a 
probabilistic topic model." Comput Biol Med 42(4): 428-437. 
Zhao, C., A. Hanada, S. Yamaguchi, Y. Kamiya and E. P. Beers (2011). "The 
Arabidopsis Myb genes MYR1 and MYR2 are redundant negative regulators 
of flowering time under decreased light intensity." Plant J 66(3): 502-515. 
Zhou, B. O. and J. Q. Zhou (2011). "Recent transcription-induced histone H3 
lysine 4 (H3K4) methylation inhibits gene reactivation." J Biol Chem 286(40): 
34770-34776. 
Zhou, P., W. Xu, X. Peng, Z. Luo, Q. Xing, X. Chen, C. Hou, W. Liang, J. 
Zhou, X. Wu, Z. Songyang and S. Jiang (2013). "Large-Scale Screens of 
miRNA-mRNA Interactions Unveiled That the 3'UTR of a Gene Is Targeted 
by Multiple miRNAs." PLoS One 8(7): e68204. 
Zhou, Y. (2007). "Characterization of a SWD2 homolog in Arabidopsis." 
Undergraduate Research Opportunities in Science Report (UROPS Report). 
 
 
